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Art.  I. — The  Variation  of  Potential  along  the  Transmitting 
Antenna  in  Wireless  Telegraphy ;  by  C.  A.  Chant. 

I.  Introduction. 

In  a  former  paper*  illustrations  were  given  of  the  manner 
in  which  standing  waves  are  formed  on  a  free-ending  wire 
when  the  electrical  disturbance  is  produced  by  electrostatic 
induction  from  a  Hertzian  oscillator  at  the  other  end  of  the 
wire.  The  present  communication  contains  a  somewhat  de- 
tailed account  of  an  examination  of  the  aerial  wire  used  to 
radiate  the  waves  in  wireless  telegraphy  ;  and^  in  a  section  at 
the  end,  a  brief  account  of  a  continuation  of  the  former  experi- 
ments. 

The  problem  of  the  electrical  oscillations  about  a  free-end- 
ing wire  has  been  treated  from  a  rigid  theoretical  basis  by 
Abraham^f  who  determined  the  electric  and  magnetic  forces 
at  any  point  in  the  field  by  directly  integrating  the  Maxwel- 
lian  equations.  For  the  purposes  of  analysis  the  wire  was 
considered  to  have  the  form  of  a  very  elongated  paraboloid 
of  revolution,  and  the  field  to  vary  in  such  a  way  that  the 
electric  lines  of  force  ended  perpendicular  to  its  surface. 
Sarasin  and  de  la  Rive4  and  others  had  compared  the  oscilla- 
tions about  a  wire  to  those  in  an  open  pipe ;  but,  as  Abraham 
remarks,  though  the  relations  are  essentially  similar,  the  anal- 
ogy must  not  be  pushed  too  far,  In  the  pipe  the  radiation  is 
from  within  outwards,  and   is  greatest  in  the  direction  of  the 

*C.  A.  Chant,  The  Variation  of  Potential  along  a  Wire  Transmitting 
Electric  Waves ;  this  Journal,  xv,  p.  54,  1903;  Phil.  Mag.  [6],  v,  p.  331, 
1908. 

t  M.  Abraham,  Ann.  der  Physik,  ii,  p.  32,  1900. 

X  E.  Sarasin  and  L.  de  la  Rive,  Archives  des  Sciences  Physiques  et  Natu- 
rellea,  Oen^ve,  xxiii,  p.  113,  1890. 
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axis ;  while  in  the  electro-magnetic  case  the  radiation  is  from 
without  inwards,  being  limited  by  the  surface  of  the  wire,  and 
on  account  of  the  transversality  of  the  vibrations  there  is  no 
radiation  along  the  axis.  Moreover,  in  the  air-vibrations  there 
is  a  displacement  of  the  entire  system  of  nodes  and  loops 
towards  the  open  end,  while,  with  the  electrical  oscillations,  to 
a  first  approximation^  there  is  no  such  displacement.  On  a 
closer  examination,  however,  there  is  found  to  be  a  displace- 
ment of  this  kind,  variable  with  the  frequency.  The  phase  of 
the  advancing  waves  alters  in  a  discontinuous  manner,  some- 
what as  in  the  vibrations  of  a  plucked  string.* 

When  two  wires  are  used,  as  in  Lecher^  arrangement,  the 
radiation  in  the  direction  of  the  axis  does  not  vanish,  and  the 
analogy  to  the  open  pipe  is  more  marked.  There  is  then  a 
decided  displacement  of  the  nodes  and  loops,  well  exhibited  in 
an  investigation  by  de  Forest. f 

The  best  acoustical  analogy  to  a  wire  connected  at  one  end 
to  earth  or  to  a  large  capacity  and  free  at  the  other  seems  to 
be  a  closed  pipe,  gas-pressure  in  the  pipe  corresponding  to 
potential  or  charge  in  the  case  of  the  wire.  Here  there  is  a 
displacement  of  the  nodes  and  loops,  but  it  is  very  small,  and 
only  the  odd  harmonics  are  present  in  the  two  cases.  Of 
course  a  rod  clamped  at  one  end  is  similar  to  the  closed  pipe. 

Birkeland  and  Sarasin,J  in  their  investigation  of  the  field 
about  a  free-ending  wire,  explored  with  a  circular  resonator, 
and  found  the  first  node  distant  from  the  end  by  one-half  the 
circumference  of  the  resonator  (a  result  similar  to  that  obtained 
by  Sarasin  and  de  la  Rive  in  their  investigation  on  two  parallel 
wires,  and  ascribed  by  them  to  the  geometrical  form  of  the 
resonator),  and  other  nodes  regularly  spaced  along  the  wire  at 
intervals  equal  to  twice  the  diameter  of  the  resonator.  The 
form  of  the  nodal  surfaces  in  the  space  about  the  wire  obtained 
by  them  agrees  with  that  deduced  by  Abraham. 

Slaby's  theoretical  treatment§  of  the  problem  is  much  sim- 
pler than  Abraham's,  and  from  his  results  he  was  led  to  his 
method  of  syntonic  telegraphy.  He  takes  the  so-called  ''tele- 
graphic equation," 


where  i  is  the  current  strength  at  any  time  at  a  place  x  on  the 

*Helmholtz,  Sensations  of  Tone,  p.  54  ;  Ravleigh,  Theory  of  Sound,  art. 
146. 

f  L.  de  Forest,  this  Journal,  viii.  p.  58.  1899. 

|K.  Birkeland  and  E.  Sarasin,  Coinptes  Rendus,  cxvii,  p.  618,  1893. 

j^A.  Slabv,  Lond.  Electrician,  vol.  xlvi,  Jan.  18,  1901;  also  vol.  xlix, 
April  25,  1902. 
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antenna,  and  R,,  L„  Cj,  are  the  resistance,  self-indaction  and 
capacity  per  unit  length  of  the  wire.     A  solution*  is 

R 


i  =  Ae 


2L* 


2'7r  ^     .      TT 

COS  >p  ^  Sin  r^  JC , 


where  T  =  4VLC,  ^  is  length  of  wire,  A  is  a  constant  and  R, 
L,  C,  relate  to  the  whole  length  of  the  wire.  The  frequency 
is  1/T  and  \  =  4d,  From  this  solution  it  should  follow  that 
the  disturbance  varies  according  to  the  simple  harmonic  law, 
and  that  the  free  end  of  the  wire  is  a  potential  loop,  the  lower 
end  a  potential  node. 

II.  Experimental  Arrangements  and  Results, 

In  the  present  investigation  all  the  wires  explored  were  of 
bare  copper  of  diameter  7™"™  and  were  stretched  horizontally 
on  the  tops  of  wooden  poles  about  1*5'"  high  and  1*6™  from 
the  wall  of  the  room  in  which  the  experiments  were  made. 
This  room  was  a  large  hall,  on  the  first  flat,  about  22™  long, 
12™  wide  and  with  a  ceiling  13™  high.  The  manner  of  exam- 
ining the  wire  at  various  points  in  its  length  was  precisely 
similar  to  that  in  the  former  research.  The  induction  coil  and 
interrupter,  the  magnetometer  and  the  method  of  taking  read- 
ings were  identical  with  those  used  earlier  and  need  not  be 
described  again  here. 

In  most  of  the  work  the  detector  was  the  one  used  before, 
but  during  the  course  of  the  experiments  it  was  broken  and 
another,  similar  to  it  and  indistinguishable  from  it  in  its  beha- 
vior, was  constructed. 

The  manner  of  applying  the  detector  to  the  wire  was  slightly 
diflEerent.  Before,  the  detector  was  laid  on  the  top  of  a  car- 
riage moving  on  ways  along  the  wires,  with  the  little  wing,  w^ 
fig.  1,   in  a  little  pocket  by  the  wire;  now,  a  small  piece,  ^,  of 


M 


r 


(h) 


cylindrical  hard-rubber  rod,  in  which  a  groove  was  made  down 
to  the  axis,  along  a  plane  through  the  axis,  was  fastened  to  the 

•  See  Webster,  Electricity  and  Magnetism,  arts.  255,  256. 


4  C.  A.  Chant —  Variation  of  Potential  along  the 

hard-rubber  plate,  j9,  by  wax,  and  the  detector  was  then  hung 
on  the  stretched  wire  at  any  place  desired. 

The  curves  are  plotted  from  the  mean  of  at  least  three  sets 
of  readings. 

The  published  accounts  of  the  exploration  of  wires  about 
which  electrical  disturbances  are  produced  as  in  wireless  tele- 

fraphy  are  not  numerous,  and,  as  far  as  I  can  learn,  in  no  case 
as  the  exploration  been  at  all  minute. 

In  the  present  investigation  three  methods,  well-known  in 
practice,  have  been  used  to  excite  the  oscillations. 

MarconPs  Simple  Method. 

This  arrangement  is  illustrated  in  tig.  2.  The  "  oscillator" 
in  this  case  consisted  of  two  cylindrical  brass  rods,  AB,  CD, 
9.5mm  {„  diameter  and  12-5*^''  long,  ending  in  spherical  knobs 
B,  C,  3-8*^"  in  diameter.     One  half  of  the  doublet  is  shown  on 

2 


a  larger  scale  at  the  left-hand  of  fig.  2.  From  D  led  oJBE  the 
antenna  DE.  In  some  experiments  A  was  connected  to  earth, 
in  others  a  wire  similar  to  DE  was  attached  to  A,  while  in  one 
series  this  end  of  the  doublet  was  left  entirely  free 

The  knobs  B,  C  were  not  kept  polished,  and  the  spark  was 
about  V^^^  long. 

For  earth,  in  the  case  of  wires  of  lengths  500,  1500  and 
2000"°",  A  was  joined  immediately  to  a  large  sheet  of  tin, 
which,  along  with  about  two  square  meters  more  of  sheet  metal, 
was  firmly  connected  to  a  steam-heating  radiator  near  by.  For 
the  wire  1000"°"  in  length  the  connection  from  A  to  the  sheet  of 
tin  was  about  75*^™"  long. 

The  wire  joined  to  A  in  place  of  the  earth  connection  was 
precisely  the  same  as  that  acting  as  antenna  and  attached  to  D ; 
and  in  order  to  prevent  inductive  effects  between  these  two 
wires  the  former  was  drawn  up  in  a  vertical  direction  by  a 
cord  over  a  pulley  in  the  ceiling. 

The  readings  were  taken  at  points,  usually  20*^™*  apart,  from 
one  end  of  the  antenna  to  the  other,  the  order  of  the  readings 
in  some  cases  beginning  at  the  free  end,  in  the  rest  moving 
towards  it. 
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A  f^eneral  view  of  the  results  obtained  is  gicen  in  Table  I  and 
fig.  3.  In  the  table  the  distances  of  the  minima  from  the  freo 
end  are  given  in  centimeters,  and  the  less-marked  i 
enclosed  in  brackets. 

Tabu  I. 


Distance,  i 


1,  ofn 


a  from  free  end  of  aateous. 


500  '(175).     None  360.     None  |  - 

1000  iliaO).  (375i,  (500).  None   (150).  ((160).    None  130.  425,  715,  (1000  f) 

1500  (3a0i).     None  I  !  

SOOO  'None  j  


A 
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In  all  the  curves  abscissas  represent  distances  from  the  free 
end  and  ordinates  magnetometer  deflections. 

It  is  seen  from  the  curves,  that  joining  to  earth  one  pole  of  the 
oscillator  is  equivalent  to  adding  to  that  pole  a  wire  similar  to 
the  antenna ;  or,  in  other  words,  the  earth  acts  like  a  plane 
mirror  in  optics.  This  view  has  been  put  forward  by  several 
writers,  especially  by  Slaby*  when  offering  an  explanation  of  his 
system  of  syntonic  telegraphy. 

In  the  curve  obtained  with  the  antenna  of  1000^*  connected 
to  earth  (see  fig.  3),  there  is  a  deep  minimum  at  approximately 
I23cms  fj.Qnti  the  free  end,  and  a  second  one  at  375^™'.  This 
would  give 

A/ 2=       2X123=240^"" 
=  375  —  123  =  252<^°»* 


Mean  249*="'» 

In  the  curve  obtained  with  no  earth  or  other  connection  the 
natural  oscillation  of  the  wire  as  a  whole  is  practically  absent, 
but  there  are  minima  at  distances 


kcms 


130,  425,  725,  (1000?)' 

That  at  1000*^'°*  is  not  decisive  from  the  curve,  and  so  it  is 
omitted  in  the  following  calculation  ( though  including  it  would 
make  no  difference  in  the  result)  : 

X/2  =  2X130  =  260^°'* 
=  425  — 130  —  295<^"'' 
=  715—425  =  290<^°»* 


Mean  282^'"* 

These,  I  believe,  are  half-wave-lengths  of  overtones.     In  the 

first  case  the  wire  was  grounded  and  so  only  odd  overtones 

would  be  possible,  the  one  present  being  probably  the  ninth, 

counting  the  fundamental,  the  first.     If  such  was  the  case,  the 

entire  length  of  the  oscillating  wire  from  free  end  to  earth 

should  be 

249 
9  X  =  1120^'"% 

a  result  requiring  the  oscillator  to  be  equivalent  to 

1120  — (1000  +  75),  or  145'^'^« 

of  the  wire.     This  value  appears  rather  high,  but  this  explana- 
tion seems  to  me  the  most  probai>le. 

I    may  remark    that    the  curves    obtained    with    the  wire 
1000"""  long,  connected  to  the  earth,  were  the  most  irregular  of 

♦  A.  Slaby,  Funkentelegraphie,  2d  ed.,  p.  86,  and  fol.     Berlin,  1901. 
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all  secured  during  the  investigation,  especially  in  the  space 
between  100  and  SOO^""*  from  the  free  end.  A  possible  cause 
contributing  to  this  may  have  been  that  the  electrical  disturb- 
ance was  not  produced  immediately  at  the  earth  end. 

In  the  second  case  the  oscillating  wire  was  free  at  each  end, 
and  so  the  entire  system  of  overtones  was  possible.  The  one 
present,  with  half-wave-length  of  282''"''*,  seems  to  be  the  fourth, 
in  this  case  the  oscillator  adding  to  the  wire  one-fourth  of  a 
wave-length. 

It  may  be  questioned  why  these  particular  overtones  were 
present,  and  the  others  not  noticeable.  I  think  it  was  because 
the  natural  period  of  the  oscillator  alone  was  in  approximate 
accord  with  them,  being  about  one-half  that  of  those  exhibited. 
This  would  agree  with  the  results  of  Lindemann,*  who  found 
that  the  waves  proper  to  the  oscillator,  as  well  as  those  of  the 
entire  system  of  oscillator  and  wires,  should  be  present. 

I  have  not  been  able  to  identify  the  other  ripples  of  the 
curves. 

Slabyt  and  Braun;}:  have  both  studied  the  simple  Marconi 
system.  The  former  used  a  wire  about  10  meters  long,  and 
explored  it  with  a  spark  micrometer  in  which  a  blunt  metal 
cone  was  opposed  to  a  flat  face  of  arc  carbon.  According  to  the 
curve  he  obtained  (fig.  1  of  his  article),  there  was  a  standing 
wave,  with  potential  loops  at  the  ends  and  a  relative  node  in 
the  middle.  In  my  experiments  there  is  a  node  at  the  end  of  the 
wire  attached  to  the  coil.  Slaby  concluded  that  the  overtones 
present  were  very  trifling  and  that  the  oscillation  emitted  was 
almost  a  pure  fundamental.  The  fundamental  is  certainly 
present  in  great  intensity,  but  the  readings  giving  it  are  some- 
times scattering,  as  mentioned  above,  and  the  curve  is  not  very 
smooth.  In  some  cases,  too,  as  already  seen,  overtones  show  in 
considerable  strength.  Slaby  also  found  that  when  the  pole  of 
the  induction  coil  was  joined,  not  to  an  end  of  the  antenna  but 
to  some  other  point,  tlie  oscillation  produced  showed  consid- 
erable distortion.  This  effect  is  similar  to  that  noted  above  in 
the  case  of  the  1000^°"*  earthed  wire. 

Braun  used  a  wire  15  meters  long  stretched  horizontally, 
and  from  it  suspended  five  small  Geissler  tubes,  each  with  a 
wire  50"°*  long  hanging  below  it.  When  the  coil  was  in  action 
the  tubes  lighted  up,  but  there  was  no  trace  of  a  node  or  a 
ventral  segment. 

♦  A.  Lindemann,  Ann.  der  Physik,  ii,  p.  376,  1900. 

f  A.  Slaby,  Elektrotecbnische  Zeitschrift,  1902,  p.  168;  extended  abstract 
in  Lond.  Electrician,  vol.  xlix,  p.  6,  1902. 
X  F.  Braun,  Phys.  Zeitscbrift,  iii,  p.  143, 1900. 
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Inductive  Method  of  Excitation  (Braun^  Marconi). 

The  experimental  disposition  used  for  inductively  exciting 
the  oscillations  about  the  antenna  is  illustrated  in  fig.  4. 

4 


C„  C,  are  two  condensers.  From  the  inner  coatings  con- 
ductors lead  oflf  and  end  in  knobs,  bet;veen  which  sparks  are 
made  to  pass  by  an  induction  coil.  The  outer  coatings  are 
joined  by  a  thick  wire  bent  into  a  single  turn  which  acts  as  the 
primary  of  a  transformer.  The  secondary  of  this  transformer, 
AB,  consists  of  a  few  turns.  To  one  end  of  it,  A,  the  antenna 
is  joined  and  to  the  other  end,  B,  the  earth,  any  desired  capac- 
ity or  a  wire  similar  to  the  antenna. 


The  apparatus  actually  used  in  the  investigation  was  the 
transmitter  of  the  experimental  set  supplied  by  the  Gesell- 
schaft  fiir  drahtlose  Telegraphic,  Berlin,  Germany,  of  the  sys- 
tem Prof.  Braun  and  Siemens  &  Halske.  Each  condenser 
consisted  of  four  small  tubular  jars,  17*5"""  in  diam.,  2"""  thick 
and  with  coatings  approximately  T-S'^"**  high.  The  spark-gap 
was  from  1  to  2"'"'  long,  and  no  attention  was  paid  to  polishing 
the  knobs.  That  portion  of  the  condenser  circuit  forming  the 
primary  of  the  transformer  was  a  single  turn  of  copper  wire 
^mni  jjj  diameter,  bent  into  a  circle  of  mean  diameter  6'8^"'* 
(D,  D,  fig.  5).  The  secondary,  which  was  within  the  primary, 
consisted  of  5^  turns  of  heavily  insulated  wire  of  a  total 
length  of  99*''"^  The  diameter  of  the  wire  and  its  insulation 
was  2*5"'",  and  the  turns  lay  close  together.  A  vertical  sec 
tion,  one-half  of  full  size,  is  shown  in  tig.  5. 
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As  is  known,  in  this  system  earth  connection  is  asnally  not 
made,^  bat  in  place  of  it  an  earth  plate  is  nsed,  intended  to 
balance  the  antenna  and  thus  give  symmetry  to  the  oscillating 
system.  The  earth  plate  supplied  with  the  apparatus  was  a 
bellow  metal  cylinder,  20"°*  long  and  8^'  in  diameter.  It  was 
joined  to  a  bindingpost,  B,  of  the  transformer  secondary  by  a 
wire  40*^'  long.  When  it  was  desired  to  join  B  to  earth  the 
cylinder  was  securely  bound  to  a  large  metal  plate,  which, 
along  with  other  metal  sheets,  was  connected  to  the  heating- 
radiator.  When  employing  a  wire  similar  to  the  antenna  to 
balance  it,  this  wire  was  joined  to  B  and,  as  in  the  experiments 
described  above,  was  drawn  up  towards  the  ceiling. 

In  supplying  the  apparatus  the  makers  stated  that  it  was 
designed  to  emit  waves  of  length  10  meters.  It  was  very  con- 
stant in  its  action  and  easy  to  handle. 

An  extended  series  of  observations  was  made  with  antennae 
varying  from  200  to  1000^'"',  and  with  four  different  attach 
ments  to  the  end  B  of  the  transmitter  transformer,  as  follows : 

A.  With  cylinder  joined  by  a  wire  40*^™*  '^^g- 

B.  With  earth  joined  to  this  cylinder. 

C.  With  a  wire  similar  to  the  antenna  joined  to  B. 

D.  With  the  end  B  free. 

A  view  of  the  results  obtained  is  given  in  Table  II,  and  figs. 
6,  7,  8,  9. 

Table  II. 
Inductive  Method. 


Length 

Distance 

,  in  cms.,  of 

minima  from  free  end  of  wire. 

of 

A.  With 

antenna. 

cylinder 

B.  With  earth         C.  With  equal      ,D.  With  end 

cms. 

capacity. 

connectic 

)n.                    wire. 

free. 

200 

140 

225 

184 

190 

(70),  (190).     None      .... 

250 

200 

180 

(90).     None                 ... 

300 

[238] 

187 

[225 

148 

400 

187, (265) 

185 

185 

160,  (280?) 

500 

180 

180 

180 

183 

600 

186,(:i7o),(520) 

200,  (520) 

182 

167,  (415) 

700 

188, (637) 

200 

180                              148,  617 

800 

191,  (745) 

200 

189 

900 

200, (790) 

200,  (380), 

(790)     193, (790)                 i   ,... 

1000 

180,  (320) 

208,  (800), 
193 

(920)     180, (860) 
184-1 



Mean 

188-4 

Mean  oi 

f  184-4,  193, 

184-1  =  188-5'='«V 

On  examination  it  will  be  seen  that  the  curves  obtained  by 
the  three  methods,  A,  B,  C,  are  hardly  distinguishable  from 

♦See  disonssion  on  a  paper  by  M.  Wien,  read  before  the  74.  Versamm- 
iang  dentsoher  Natorforscher  nnd  Aerzte  at  Carlsbad,  Sept.,  1902. — Phys. 
Zeit.,  Oct,  1902. 
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each  otber.     Those  with  method   D  differ  from  these   some- 
what. 


iliiSpliiSliiipaliiipiiliMP-flH 


:;i\.. 


■Si:;;;- 


In  A,  11,  (',  ihere  is  »  gradual  fall  from  the  frpe  end  to  the 
other,    whidi  gives  the  tnndaiuental  of  the  wire  itself ;   but 
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rposed  on  this  and  more  promiDent  than  it,  is' another 
latioD  very  definitely  formed  as  far  as  the  first  ininimure). 
is  nnqneetionably  dne  to  the  oscillation  of  the  condenser 


lit,  and  the  dUtance  from  the  free  etiJ  to  tlie  mininiiirn  is 
a rter- wave-length  of  it, 

'ith  wires  of  lengths  225  and  250'""  in  disposition  C, 
e  is  to  be  seen  only  the  fundamental  of  the  wire,  while 
I  length  300**"'  in  dispositions  A  and  C  the  minimnm 
iars  abnormally  displaced.      The  curves  in  these  last  two 
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casaB  are  not  bo  smoothlj  formed  and  are  not  coDsidered  in  Uie 
oalonlation  of  the  means  given  in  Table  II.     The  mean  of  the 


i^siife'. 


three  means  (jiveii  in  tlie  Tabic  is  1S8'5""',  whicli  I  take  to  be 
qnarter-wave-lciigtb  of  the  cnndenser  circuit  oscillation. 

Tbo  cnrves  obtained  with  disposition  D,  siiown  in  tig,  9, 
differ  somewhat  from  the  others.  Here  the  variation  of  poten- 
tial at  the  end  joined  to  the  transformer  is  almost  as  great  as 


Trantmitting  Antenna  in  WireUaa  Telegraphy.        18 

that  at  the  free  end.  This  is  doe,  without  doabt,  to  the  fact 
that  the  antenna  and  transformer  secondary  together  coim)08e  a 
single  dondnctor,  and  the  fundamental  oscillation  would  have 
a  potential  loop  at  each  end.  But  the  chief  minimum  shows  a 
rather  remarkable  variation.     As  the  length  of  the  antenna 


PiiSiHi^jliipil 


is  increased  the  distance  of  the  minimum  from  the  free  end 
increases  until  it  reaches  its  };''eatest  value  with  a  wire  500°""  long, 
and  then  it  decrcuses.  Tlie  reason  for  this  is  not  very  evident, 
bnt  it  eeeme  that  in  this  disposition  the  reaction  of  hesecondarv 
of  the  transformer  upon  the  primary  varies  with  the  len£;th 
of  the  antenna  joined  to  it,  thus  altering  its  frequency,  the 
greatest  change  "being  when  the  wire  is  500™'  long.  With 
antenna  of  this  length  the  readings  were  the  highest  of  the 
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series,  and  the  quarter-wave-length  deduced  from  the    curve 
approximately  the  same  as  that  obtained  in  the  dispositions  A, 

As  has  been  already  remarked,  the  curves  are  very  clearly 
defined.  The  successive  sets  of  readings  agree  remarkably  well, 
but  yet  it  was  impossible  to  get  a  second  mimimum  at  a  distance 
of  three-quarters  of  a  wave-length  from  the  end..  This  is  not 
what  was  looked  for  with  this  transmitter.  One  would  expect 
the  condenser  circuit,  with  its  persistent  oscillations,  to  keep  up 
perfect  standing  waves  in  a  wire  in  resonance  with  it,  but  with 
no  length  used  was  this  satisfactorily  exhibited. 

The  waves  radiated  from  the  wire,  no  matter  what  its  length, 
have  the  frequency  of  the  condenser  circuit,  and  also,  to  a 
smaller  degree,  that  of  the  fundamental  of  the  wire.  Over- 
tones are  scarcely  noticeable. 

From  my  experiments  it  must  be  concluded  that  the  earth 
connection  does  not  injuriously  affect  the/brmof  the  oscillation 
about  the  antenna ;  indeed,  the  curves  obtained  with  disposition 
B  are  rather  more  uniform  than  those  with  the  others.  The 
earth  connection,  however,  assuredly  has  influence  in  other 
ways.  I  believe  all  systems  of  wireless  telegraphy  except  the 
Braun  and  the  Lodge-Muirhead*^  join  both  transmitter  and 
receiver  to  earth ;  and,  according  to  Jack8on,f  severing  the 
earth  connection  reduced  the  signalling  distance  by  85  per 
cent.  The  action  of  the  earth  must  be  that  of  guiding  the 
waves,  thus  allowing  them  to  pass  over  obstacles  such  as  the 
bulging-out  of  the  earth's  surface.  The  explanation  given  by 
Taylor j  seems  the  most  satisfactory. 

This  explanation  is  verj'  similar  to  that  suggested  by  Lecher,§ 
and  to  that  by  Heaviside.l  More  recently  KopselT^  has  put 
forward  the  view  that  in  Marconi's  long-distance  transmission 
the  earthing  wire  and  earth  capacity. form  a  system  in  partial 
if  not  in  entire  resonance  with  the  antenna.  There  may  have 
been  some  such  eflfect  in  the  transatlantic  experiments,  but 
such  can  hardly  be  the  case  in  the  numerous  experiments  by 
other  workers  who  find  ground  connection  necessary  to  success. 

*See  Nature,  vol.  Ixviii,  p.  247,  July  16.  1903;  N.  Y.  Electrical  World 
and  Engineer,  vol.  xlii,  p.  173,  Aug.  1903. 

f  H.  B.  Jackson,  Proc.  R.  S..  Ixx,  p.  254,  1902. 

j  J.  E.  Taylor,  Lend.  Electrical  Review,  May,  1899.  See  also  L.  de  Forest, 
N.  Y.  Electrical  World  and  Engineer,  May  17,  1902  ;  Prasch,  Die  drahtlose 
Telegraphic  (Stuttgart,  1900).  p.  05. 

(See,  however,  a  communication  on  Theories  in  Wireless  Telegraphy  in  N. 
Y.  El.  W.  &  E.,  Oct.  31,  1903,  by  R.  A.  Fessenden.— Note  added  on  correct- 
ing proof.) 

4$E.  Lecher,  Phys.  Zeitschrift,  iii,  p.  13,  1902  ;  iv,  p.  320,  1903. 

II  Heaviside,  Electromagnetic  Theory,  i,  J^  60  ;  ii,  >:;  393.  See  preface  to 
vol.  ii. 

•[  A.  Kopsel,  Dingler's  PolytechniBches  Journal,  June,  1903  ;  abstracted  in 
N.  Y.  Electrical  World  and  Engineer,  Aug.  29,  1903.  t 
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Method  of  Direct  Excitation  {Slabt/-Arco). 

In  tlje  method  of  directly  exciting  the  oscillations,  one  point 
of  the  condenser  circuit  is  joined  to  the  antenna,  another  point 
to  earth. 

A  diagram  of  the  connections  is  shown  in  fig.  10.*  A  and 
B  are  the  terminal  binding  posts  of  the  secondary  of  the  indue- 

10 


Anitufn^ 


tion  coil,  tlic  distance  between  them  being  22"^'"*.  The  spark- 
knobs,  K,  K  were  lO'S"'""  in  diameter  and  the  spark-length  was 
from  1  to  2"".  The  Lcyden  jar  had  a  mean  diameter  of  5*7°**% 
with  walls  about  4™"*  thick.  The  coatings  were  10^™*  in  height 
and  of  area  about  180"**  *^°^'.  The  lengths  of  the  various  parts 
of  the  circuit  are  indicated  on  the  figure,  the  entire  condenser 
circuit  having  a  length  of  approximately 


53-F23  4-22-|-2:V5  +  16  =  137-5 


cms 


The  wire  CD  wrapped  about  the  jar  was  heavily  insulated  and 
consisted  of  2^  turns.  This  corresponds  to  Slaby's  "syntoniz- 
ing coil,"  though,  of  course,  it  was  not  used  for  syntonization 
in  my  experiments.  The  turns  were  about  2^'"*  apart,  so  that 
its  self-induction  was  practically  the  same  as  that  of  an  equal 
length  of  straight  wire.  It  was  put  in  this  form,  however, 
through  a  desire  to  have  the  arrangement  as  nearly  as  possible 
like  tnat  used  in  actual  practice.f 

It  will  be  seen  that  75^™''  of  the  closed  condenser  circuit  are 
a  part  of  the  open  antenna  circuit.  According  to  Braun,J  the 
larger  this  portion  of  the  condenser  included  in  the  antenna 
is,  the  better  will  be  the  effect,  and  it  performs  a  role  other 
than  simply  as  a  portion  of  the  antenna. 

Four  different  arrangements  were  employed  to  balance  the 
antenna  wire. 

♦  The  arranf^ement  was  taken  from  that  described  by  the  Allgemeine  Elek- 
trieit&tfiGesellschaft  in  their  circular  regarding  the  Slaby-Arco  system,  1902. 
See  also  BoulaDger  et  Ferris,  Tol^graphie  sans  Fil,  p.  156,  4th  ed.,  1902. 

f  Several  good  illustrations  of  the  lat-est  ap])aratu8  are  given  in  C.  Arldt, 
Die  Funkentelegraphie,  pages  48-51  (Leipzig,  1903). 

JF.  Braun,  Ann.  der  Physik.,  viii,  p.  199,  1902. 
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A.  Tho  cylinder  capacity  used  in  the  experiments  with  the 
Braun  transmitter  was  connected  to  the  condenser  circnit  at  a, 
the  length  of  the  wire  ah  being  40™".  Tlins  the  length  from 
tliis  capacity  to  tho  end  D,  of  the  antenna,  was  40+76  =  115"". 


A. 


B.  The  point  a  wii»  joined  to  eartii  (tho  eoinc  as  above),  the 
wire  ab  being  25™"  long.  In  this  Ciise  the  length  of  the  con- 
dnctor  between  earlli  iind  D  was  75+25  =  100™'". 

0,  To  a  was  attached  a  wire  precisely  similar  to  that  used 
as  antenna.  Here  the  two  wires  were  joined  by  75™'  of  the 
condenser  cii'Ciiit,  As  before,  the  balancing  wire  was  drawn 
np  \\\  a  vertical  direction  towards  the  ceiling. 
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The  same  as  B,  except  that  between  a  and  h  an  indact- 
coil  was  inserted.     This  coil  was  of   heavily-insnlated 


A/r-M./^/  w/  Dirtct  AVr 


1 

*il 

i 

KS>- 


fUlJa()ii:;;:,^faL:.,rf^:.:.   ^^-.y.'y^ii'-. 


the  condnotor  having  a  diameter  of  2""°,  the  diameter 
all  being  T""-  There  were  4  turns  lying  close  together, 
JoDB.  Sci.— FoUBTH  3bb»b,Tol.  ZVII.  No.  97.— Jikuiby,  1804. 
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■with  a  total  length  of  82™'.    The  object  was.  of  course,  to  eee 
if  there  woald   be  any  evidence  obtained  of  the  wave  length 


iiilSwfc 


being  increased  by  inserting  this  indiictiince  coil  at  tlie  base  of 
the  antenna.  In  ibis  case  the  lengtli  of  the  condiictoi-  from  D 
to  earth  was  764-8'i  +  25  =  182™',  thongh  the  inductance  coil. 
itself,  would  probably  be  equivalent  to  200™'  of  straight  wire. 
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A  view  of  the  results  obtained  on  using  wires  varying  in 
iglh  from  200  to  1000°""  and  tlie  fonr  experimental  diapoei- 
Ds  jnst  described  is  given  in  Table  III  and  the  carves  of 
B.11, 12,  13, 14. 


JJ-, . 
D 


•^'4t9:'-:--:"rire~'.  --W--' 


It  is  seen  tliat  tlie  curves  obtained  witli  disposition  A  (tip. 
)  are  of  a  different  type  from  tliose  with  the  three  otiier 
{positions.  In  these  latter  there  is  always  a  gradual  hut 
cided  drop  of  potential- variation  from  the  free  end  of  the 
re,  that  is,  the  fundamental  of   the   wire  is  very  intense, 
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Table  III. 
Method  of  Direct  Excitation. 


DiBtance,  in  cms.,  of  minima  from  free  end  of  wire. 


Length 

of 

antenna. 

cms. 


200 
800 
400 
500 
600 

700 

800 

900 

1000 


A.  With  cylin- 
der capacity. 


(60),  153 
100 

120,  860 
106,  280,  455 
100,  290,  (485), 
,       (545) 
110,  800,  (580) 

100,  (800),  (518), 

(650) 
90,  310,  495 

(160).     None 


B.  With  earth 
connection. 


None 

None 

(120),  (205).  None 

(120),  215 

None 

100,  800,  500. 

None 
(120).     None 

(200).     None 

(100),  (220),  (700?) 


C.  With 
eqnal  wire. 


None 

None 

105.     None 

(125),  198 

None 

(120).    None 

None 

None 

(100).    None 


D.  Inductance 
spool  and  earth. 


(60),  160 
(90).     None 
80,  280,  380 
(120),  (200),  (820) 
None 

(58),  (170),  (280), 
(420).     None 
None 

(140),  (820),  (740). 

None 
(100),  (220).  None 


though  the  curves  show  other  oscillations  superposed.  With 
disposition  A  this  strong  fundamental  is  absent,  and  the  minima 
present  are  undoubtedly  due  to  the  oscillations  impressed  on 
the  wire  by  the  condenser  circuit.  All  through  this  series  will 
be  seen  a  minimum  occurring  at  approximately  100"°"  from  the 
free  end  of  the  wire,  and  in  many  cases  one  or  two  other 
minima  spaced  at  approximately  200*^"*  apart.  The  same 
minima  appear  in  disposition  B  with  wire  700^"  'oog,  and  C 
with  wire  400°°»». 

The  mean  value  of  the  wave-length  is  404*"*,  calculated  as 
follows : 


Wire 

300 
400 

600 


600 

700 

800 
900 


B.      700 


C.      400 


2 

2 
360 

2 
280 
4^5 

2 
290 

2 
300 

2 

2 

310 
495 

2 
300 
500 

2 


X 
X 

X 


X 

X 

X 
X 


X 


100 
120 
120 
106 
106 
280 
100 
100 
110 
110 
100 
90 
90 
'310 
100 
100 
300 
105 


"2 

200^"^* 

240cm8 

212*^™' 

200*^"* 
igQcms 

220^™" 

igQcms 

200cm» 
IgQcms 

220«"» 

185^"* 

200C=n» 

2oo«"» 
2oocm» 

210<^'"» 


Mean 


202 


cms 
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The  curves  in  B  and  C  (figs.  11,  12)  are  very  similar,  from 
'hich  it  is  to  be  concluded  that  the  simple  earth  connection  is 
quivalent  to  a  wire  similar  to  the  antenna,  or,  as  already  indi- 
ated  in  previous  experiments,  the  earth  acts  as  a  mirror. 

The  curves  in  D  (fig.  14)  are  not  so  regular  in  their  form  as 
jose  in  B  and  C.  There  is  a  gradual  fall  of  potential,  but 
le  fundamental  is  not  so  intense  as  in  the  others,  and  there  is 

superposition  of  other  oscillations.  This  agrees  with  the 
:atement  of  de  Forest^  that  with  this  arrangement  there  is 
ability  to  overtones.  It  is  to  be  observed,  too,  that  here 
gain  the  disturbance  is  produced  at  some  distance  ffom  the 
arth  end. 

It  is  to  be  noted  that  none  of  the  curves  in  A  is  similar  to 
ny  in  C.  From  this  it  follows  that  though  as  far  as  the  fre- 
nency  of  the  oscillations  in  an  open  circuit  is  concerned,  a 
apacity  ma}'  replace  an  inductance,  still  the/brm  of  the  oscil- 
itions  is  quite  different  in  the  two  cases. 

Thus  the  direct  method  is  in  general  result  similar  to  the 
imple  system,  but  it  is  more  regular  and  more  powerful. 
According  to  Wienf  the  radiation  is  13  times  as  intense  as  that 
f  the  simple  radiator. 

III.    Conclusio7i8. 

The  following  conclusions  seem  to  follow  from  my  experi- 
lents : 

1.  In  the  simple  Marconi  method  and  the  method  of  direct 
xcitation,  when  the  antenna  is  joined  to  earth,  the  effect  is 
imilar  to  using  a  wire  the  same  as  the  antenna  to  balance  it ; 
hat  is,  considered  from  an  optical  point  of  view,  the  earth 
cts  as  a  plane  mirror. 

2.  In  these  conditions  the  chief  oscillation  is  the  funda- 
nental  of  the  antenna,  with  wave-length  four  times  its  length. 
?he  condenser  circuit  in  the  method  of  direct  excitation 
mpresses  its  wave-length  on  the  antenna,  but  its  oscillations 
re  not  nearly  so  intense  as  those  projher  to  the  antenna  itself. 
Thus  the  manner  of  oscillation  is  essentially  the  same  in  the 
wo  methods,  but  the  latter  is  more  regular  and  powerful  than 
he  former. 

3.  In  the  inductive  method  of  excitation,  on  the  other  hand, 
he  prominent  feature  of  the  oscillations  is  that  one  due  to  the 
ondenser  circuit.  With  antennae  of  different  lengths  there  is 
ittle  change  in  this  oscillation,  the  curve  indicating  it  being 
lecided  and  definite ;  but  only  one  quarter  of  its  wave-length 
5  shown.  This  may  be  due  to  the  great  losses  from  radiation 
>y  the  wire.     The  fundamental  proper  to  the  antenna  is  also 

•L.  de  Forest,  N.  Y.  Electrical  World  aod  Engineer,  May  17,  1905^. 
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present,  bat  it  is  not  nearly  so  intense  as  in  either  of  the  other 
two  svsieras. 

4.  The  raost  effective  length  of  the  antenna,  therefore,  is 
one  quarter-wave-length,  not  a  higher  multiple. 

5.  When  inductance  is  inserted  between  the  condenser  cir- 
cuit and  the  earth  the  fundamental  oscillation  is  not  so  regular 
or  intense,  other  oscillations  (overtones)  being  superposed. 

6.  For  the  production  of  oscillations  by  the  direct  method  a 
small  capacity  cannot  satisfactorily  balance  the  antenna  ;  in  the 
inductive  method,  however,  a  capacity  acts  like  an  earth  con- 
nection or  a  similar  wire. 

IV.    Continuation  of  Former  Investigation, 

In  the  previous  experiments  with  Hertzian  plate  oscillators 
of  various  sizes  and  with  wires  ranging  in  length  from  300  to 
ggQcms^  there  was  usually  one  "chief"  minimum  of  potential- 
variation  between  100  and  200^"*  from  the  free  end,  and 
always  a  marked  one  about  10  or  15^°*"  from  the  other  end  of 
the  wire.  It  was  hoped  that  by  employing  longer  wires  the 
phenomena  of  standing  waves  would  be  mucli  better  exhibited^ 
and  that  several  "chief"  minima  would  be  shown.  Such, 
however,  has  not  proved  to  be  the  case.  Wires  2050  and 
^QQcms  \ox\g  were  carefully  explored,  the  action  on  the  wire 
being  produced  by  means  of  an  oscillator  having  plates  40*^*"* 
square  and  the  straight  connection  between  60*^'"'*  long,  but  the 
only  unmistakable  minimum  was  approximately  150*^™"  from 
the  free  end,  the  same  as  was  perfectly  formed  with  wires 
from  SOO'^""'  upwards. 

Some  evidence  was  obtained  as  to  the  cause  of  the  marked 
minimum  near  the  other  end  of  the  wire.  It  is  due  to  the 
direct  action  of  the  oscillator  on  the  detector.  As  described 
in  the  other  paper,  an  attempt  had  been  made  to  allow  for  this 
direct  action  by  taking  the  reading  when  the  wire  was  in  place 
and  also  when  it  was  removed,  and  then  subtracting  the  latter 
from  the  former.  This*  assumes  that  the  two  effects  are  quite 
independent,  but  such  seems  hardly  to  be  the  case.  In  the 
former  experiments  the  detector  lay  in  a  horizontal  plane  on 
the  top  of  a  carriage  which  was  moved  along  the  wire.  Thus 
the  detector's  length  was  parallel  to  that  of  the  oscillator, 
though  the  little  wing  was  perpendicular  to  it.  As  described 
in  Part  II  of  the  present  paper,  the  detector  was  now  hung  in 
a  vertical  plane  from  the  wire,  so  that  its  length  was  perpen- 
dicular to  the  axis  of  the  oscillator.  With  this  arrangement 
the  minimum  disappeared,  thus  showing  that  it  had  been  pro- 
duced by  the  direct  action  of  the  oscillator  on  the  detector. 
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Art.  II. — Studies  of  Eocene  Mammalia  m  the  Marsh 
Collection^  Peabody  Museum  ;  by  J.  L.  Wobtman. 

[Continned  from  vol.  xvi,  p.  368.] 

Suborder  Antiiropoidba. 

In  a  previous  part  of  the  present  work,  I  have  given  the 
laracters  by  which  this  suborder  is  distinguished  ifrom  the 
heiromjoidea  and  the  Lemuroidea.  I  have  likewise  proposed 
id  defined  three  divisions  of  the  Anthropoidea,  of  which  Tar- 
ns and  its  allies  constitute  the  first  (Paleopithecini),  the  liv- 
g  marmosets  the  second  (Arctopithecini),  and  the  remaining 
gher  Primates  the  third  (Neopithecini).  Of  the  twelve  or 
ore  species  of  the  Anthropoidea  now  known  to  occur  in  the 
ridger,  the  organization  of  at  least  three  can  be  determined 
ith  some  degree  of  satisfaction  from  the  material  now  at  hand, 
his  information  is  not  limited  to  any  one  part,  but  includes 
jarly  every  portion  of  the  skeletal  structure.  It  is  reasonably 
ear,  therefore,  that  these  three  species  are  primitive  members 
:  the  Neopithecine  division  of  the  Anthropoidea.  In  like 
anner,  the  skull  of  the  Wasatch  species — the  so-called  Anap- 
nKyrphus  homunculus — is  sufficiently  complete  and  well  pre- 
rved  to  show  that  it  is  a  very  near  relative  of  tiie  living  East 
)dian  Tarsixis.  and  hence  a  member  of  the  Paleopithecini. 
he  remaining  nine  or  more  species  from  the  Bridger  are 
jpresented  mostly  by  teeth  alone,  and  it  is  therefore  not  an 
Lsy  matter  to  decide  correctly  to  which  of  the  three  groups 
lese  forms  belong. 

As  regards  the  Arctopithecini,  or  the  living  marmosets,  our 
Qowledge  is  confined  almost  exclusively  to  the  existing  species. 
;  has  been  already  noted  that  some  of  their  characters  are 
aique  among  the  Primates.  Whether  the  lack  of  opposa- 
ility  of  the  pollex  and  hallux  is  to  be  looked  upon  as  a  degen- 
•atiou  from  a  former  more  perfect  condition  of  prehensility 
L  the  extremities,  or  whether  it  represents  a  stage  in  the 
rocess  of  acquirement  of  the  opposability  of  these  digits,  can 
ot  now  be  determined.  It  is  worthy  of  note,  however,  that 
16  internal  cuneiform  and  the  proximal  end  of  the  articu- 
,ting  metapodial  resemble  the  corresponding  parts  of  the 
murs  and  monkeys  much  more  than  those  of  any  other  ani- 
lal ;  and,  notwithstanding  the  lack  of  opposability,  this  like- 
3S8  would  be  sufficiently  close  to  indicate  their  ordinal  position 
id  we  know  the  marmosets  from  their  skeletons  alone.  There 
•e  at  the  same  time  some  peculiarities  in  the  make-up  of  these 
>nes,  which  would  lead  the  cautious  anatomist  to  hesitate  in 
ronouncing  upon  the  opposability  of  the  hallux,  especially  if 
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he  were  to  take  into  considemtion  the  clawed  condition  of  all 
the  digits.  The  habits  of  the  marmosets,  while  as  strictly  and 
completely  arboreal  as  in  any  of  the  Primates,  resemble  those 
of  the  squirrels  more  than  those  of  the  monkeys  proper.  Accord- 
ing to  Bates,  who  had  excellent  opportunities  for  observing 
them  in  their  native  forests,  the  Negro  Tamarin  (Midas  ursu- 
Ivs)  confines  itself  mostly  to  the  larger  branches,  and  is  fre- 
quently seen  passing  up  the  perpendicular  trunks,  clinging  to 
the  bark  with  its  claws  in  a  manner  not  dissimilar  to  that  of 
the  squirrels.  This  method  of  climbing  is  doubtless  true  of  all 
the  marmosets,  and  the  lack  of  opposability  of  the  hallux  and 
pollex  is  correlated  with  the  possession  of  sharp  compressed 
claws  instead  of  flattened  nails. 

The  tritubercular  upper  molars  furnish  another  character  of 
considerable  importance  in  determining  the  relationship  of  the 
marmosets  to  the  other  groups.  No  Primate  of  the  Eocene  is 
known  to  possess  fully  quadritnbercular  molars.  Some  of  the 
Adapidee  nave  a  rudimental  fourth  cusp,  but  the  crown  can 
not  be  said  to  be  as  fully  quadritubercular  as  that  of  the  higher 
modem  apes.  By  far  the  greater  number  of  the  species  have 
simple  tritubercular  upper  molars,  and  with  the  exception  of 
the  marmosets  and  Tarsius  all  the  modern  representatives  of 
the  Anthropoidea  have  four  fully  developed  cusps.  It  follows, 
therefore,  that  these  two  groups  are  survivals  from  this  early 
condition  of  the  tritubercular  stage  of  development  of  the 
molars,  and  that  their  detachment  from  the  main  axis  could 
not  have  taken  place  later  than  the  Eocene.  The  loss  of  the 
last  molar  in  the  marmosets,  while  unusual  for  a  Primate,  has 
clearly  taken  place  since  that  time,  as  in  the  Eocene  all  the 
known  species  have  three  fully  developed  molars.  There  is 
still  another  feature  of  importance  exhibited  by  certain  of  the 
marmosets,  which  is  worthy  of  notice.  Forsyth  Major  found 
that,  out  of  nineteen  skulls  of  Ilapah  examined,  in  six  the 
lachrymal  extends  beyond  the  orbit  to  such  an  extent  as  to  join 
the  nasal  and  exclude  contact  between  the  maxillary  and 
frontal."*^  This  is  also  true  of  two  skulls  of  this  genus  in  the 
Peabody  Museum,  and  I  am  satisfied  that  this  more  primitive 
condition  of  the  lachrymal  is  by  no  means  of  infrequent  occur- 
rence among  these  species  of  marmoset^^.  These  features  are 
associated  with  a  characteristic  lack  of  depth  of  the  lower  jaw, 
a  subglobular  form  of  the  condyles,  and  small  size  of  the  lower 
canines,  which  do  not  exceed  the  incisors,  all  of  which  consti- 
tute so  many  steps  in  the  a])i)roximation  to  certain  of  the 
Paleopithecine  apes  of  the  Eocene.  Upon  the  whole,  1  am 
fully  persuaded  that  the  ancestors  of  the  marmosets  must  be 
sought  for  among  the  members  of  this  latter  grouj),  and  that 
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tliej  had  not  departed  very  widely  from  the  parent  stock  at 
the  close  of  the  Eocene.  One  of  the  earliest  recognizable 
characters  in  the  dentition  by  which  they  can  be  distinguished 
will  undoubtedly  be  found  in  the  reduction  in  the  last  raolar. 
It  is  doubtful,  moreover,  whether  in  the  history  of  this  phylum 
the  hallux  and  pollex  have  ever  been  opposable. 

Section  Paleopithecini. 

Tarsitcs  spect7'iim  is  the  only  living  member  of  this  group, 
and  on  this  account  its  skeletal  organization  has  an  unusual 
interest  for  the  paleontologist.  In  many  particulars  it  still 
retains  the  generalized  features  which  characterized  its 
Eocene  ancestors,  while  in  others  it  has  added  some  struc- 
tural modifications,  due  doubtless  to  adaptation  to  slightly 
different  modes  of  life.  These  characters  relate  to  the  loss  of 
one  pair  of  lower  incisors,  the  development  .of  a  bony  partition 
between  the  orbital  and  temporal  fossae,  the  reduction  of  the 
fibula  and  its  coossification  with  the  tibia,  the  grooving  and 
broadening  of  the  astragalus,  and  lastly  the  great  elongation  of 
the  calcaneum  and  navicular.  These  modifications  of  the  hind 
limbs  are  evidently  in  relation  with,  and  the  result  of,  saltatory 
habits,  since  Tarsius  in  common  with  all  the  lemurs  having 
elongate  tarsals  is  a  powerful  leaper. 

The  arboreal  habits  of  the  Primates  have  prevented  in  large 
measure  the  development  of  any  great  cursorial  powers  on  the 
part  of  any  of  the  species,  but  the  habit  of  leaping  from  branch 
to  branch  has  proved  of  manifest  advantage  to  some  of  them 
in  the  capture  of  their  prey,  for  in  a  number  of  the  living 
species  of  lemurs  this  habit  is  almost  as  pronounced  and  highly 
developed  as  in  certain  groups  of  the  Kodentia,  the  kangaroos, 
and  others.  According  to  Mr.  Bartlett,  late  Superintendent 
of  the  London  Zoological  Gardens,  Garnett's  Galago  is  an 
especially  active  leaper.  In  si)eaking  of  this  species,  in  a  let- 
ter to  Duncan  quoted  in  CasselPs  Natural  History,  Vol.  I,  p. 
215,  he  says :  "  The  otlicr  night  I  took  an  opportunity  of  letting 
one  of  these  interesting  creatures — Garnett's  Galago — have  his 
liberty  in  my  room,  and  I  assure  you  I  was  well  repaid  by  his  per- 
formance. Judge  my  utter  astonishment  to  see  him  on  the  floor, 
jumping  fihout  upright  like  a  Kangaroo,  only  with  much  greater 
speed  and  intelligence.  The  little  one  sprung  from  the  ground 
on  to  the  legs  of  tables,  arms  of  chairs,  and  indeed  on  to  any 
piece  of  furniture  in  the  room ;  in  fact,  he  was  more  like  a 
sprite  that  the  best  pantomimist  I  ever  saw.  What  surprised 
me  most  was  his  entire  want  of  fear  of  Dogs  and  Cats.  These 
he  boldly  met  and  jumped  on  at  once,  and  in  the  most  playful 
manner  hugged  and  tumbled  about  with  them,  rolling  over 
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and  over,  hanging  on  their  tails,  licking  them  on  the  head  and 
face.  I  must  add,  however,  that  now  and  again  he  gave  them 
a  sharp  bite,  and  then  bounded  off,  full  of  fan  at  the  noise 
they  made  in  consequence  of  the  sly  nip  he  had  inflicted.  This 
active  trickery  he  never  appeared  to  tire  of ;  and  I  was  myself 
so  pleased  on  witnessing  tiie  droll  antics  of  the  creature  that 
the  night  passed  and  it  was  near  daybreak  before  I  put  a  stop 
to  his  frolics  by  catching  and  consigning  him  to  his  cage.  In 
bounding  about  on  the  level  ground,  his  jumps,  on  the  hind- 
legs  only,  are  very  astonishing,  at  least  several  feet  at  a  spring, 
and  with  a  rapidity  that  requires  the  utmost  attention  to  follow. 
From  the  back  of  a  chair  he  sprang,  with  the  greatest  ease,  on 
to  the  table,  four  feet  distance." 

The  other  species  of  Galago^  as  well  as  those  of  the  Mada- 
gascar Cheirogaleus^  also  exhibit  much  activity,  and  have  the 
power  of  leaping  great  distances  in  proportion  to  their  gen- 
erally diminutive  size.  Duncan  says  of  the  Senegal  Galago 
(Ocddgo  senegalensis) :^  "It  pursues  Beetles,  Sphinges,  and 
Moths  with  great  ardour,  even  while  they  are  on  the  wing, 
making  prodigious  bounds  at  them,  and  often  leaping  right 
upwards  to  seize  them.  Should  it  by  chance  miss  its  object  and 
accidentally  fall  from  the  branch  to  the  ground,  it  re-ascends 
with  the  rapidity  of  flight  to  renew  the  hunt." 

Tarsius  is  also  a  powerful  leaper  for  so  small  an  animal,  and 
although  not  larger  tlian  a  small  common  squirrel  is  said  to 
make  prodigious  springs,  both  in  the  branches  of  the  trees  and 
on  the  ground,  in  pursuit  of  its  prey. 

Among  many  other  groups  of  Mammalia,  the  leaping  habit 
is  by  no  means  uncommon,  and  as  a  result  important  structural 
changes  in  the  limbs  are  to  be  met  with.  In  all  such  case5, 
however,  if  any  modification  of  the  hind  limbs  takes  place  in 
response  to  this  mode  of  progression,  it  is  almost  without  excep- 
tion the  metatarsus  alone  that  is  affected.  Thus,  among  those 
forms  of  Rodentia  in  which  the  saltatory  habit  is  most  highly 
developed,  as  the  Jerboas,  the  Cape  Jumping  Hare,  and  others, 
the  metatarsals  are  greatly  elongated  and  modified.  The  same 
is  true  of  the  characteristic  leapers  among  the  marsupials,  as 
exemplified  by  the  kangaroos  and  their  allies.  The  develop- 
ment of  this  habit  in  certain  of  the  Primates,  however,  has 
affected,  not  the  metatarsals,  but  the  tarsals,  and  the  elongation 
is  found  in  the  calcaneum  and  navicular.  This  arrangement  is 
unique  among  the  Mammalia,  and  occurs  in  no  other  group  of 
the  V  ertebrata  except  the  Batrachia,  notably  the  tree-frogs,  as 
was  long  ago  pointed  out  by  Iluxley.f 

The  cause  for  this  modification  of  the  tarsal  bones  to  the 

♦Loc.  cit.,  p.  288. 
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exclusion  of  the  metatarsals  is  not  certain,  but  it  is  in  all  proba- 
l)iHty  in  some  way  associated  with  the  retention  of  the  oppos- 
able hallux  in  the  development  of  the  elongated  pes.  It  is  of 
interest  to  note  just  here  that  the  fourth  digit  of  all  those 
Primates  with  elongated  tarsals  is  very  perceptibly  the  longest 
and  strongest  of  the  series,  more  so,  in  fact,  than  in  those 
species  in  which  the  tarsals  are  not  elongated.  It  is  all  but 
certain  that  if  this  modification  were  to  continue  in  an  exclu- 
sively terrestrial  habitat  long  enough  to  cause  tlie  opposable 
hallux  to  disappear,  the  fourth  digit  would  become  enlarged 
and  modified,  as  in  the  kangaroos  and  their  allies.  The  chief 
differences  would,  of  course,  be  in  the  elements  elongated. 
The  shifting  of  the  axis  to  the  outside  and  the  specialization  of 
the  fourth  digit  are  the  strongest  possible  proof  that  the  foot 
of  the  kangaroo  has  been  derived  from  an  ancestral  type  in 
which  the  hallux  was  fully  opposable,  and  hence  indicating  an 
arboreal  habitat  for  its  possessor.  Tarsius  is  the  most  highly 
modified  of  all  the  Primates  with  respect  to  the  elongation  of 
the  tarsals,  as  is  shown  by  the  reduction  in  size  and  the  coossitica- 
tion  of  the  fibula  with  the  tibia,  as  well  as  in  the  grooving  and 
broadening  of  the  astragalus.  It  is  in  this  species  that  the 
preponderance  in  the  length  and  strength  of  the  fourth  digit 
over  its  fellows  is  greatest. 

Of  the  known  representatives  of  Eocene  Primates  in  North 
America,  there  are  no  less  than  six  or  seven  genera,  including 
at  least  twelve  species,  which  are  more  or  less  closely  related 
to  Taraiua.  The  skull  is  known  in  two  of  these  species  only, 
the  remainder  being  represented  by  teeth  and  jaws  exclusively. 
0:i  account  of  the  incompleteness  of  many  of  these  remains  it 
is  quite  impossible  to  determine  whether  they  are  members  of 
the  Paleopithecini  or  Neopitliecini.  It  will  require  a  knowl- 
edge of  the  relations  of  the  lachrymal,  as  well  as  of  the  struc- 
ture of  the  limbs,  before  these  points  can  be  finally  determined. 
That  they  do  not  belong  in  the  I^muroidea  is  shown  by  the 
characters  of  the  lower  incisors  and  canines,  which  are  known 
in  all  the  species  with  tlie  exception  of  one  or  two.  As  a  mere 
matter  of  convenience  in  grouping,  I  arrange  a  number  of  these 
species  temporarily  in  the  Paleopithecini.  In  so  doing,  how- 
ever, I  wish  to  state  distinctly  that  there  are  very  good 
reasons  for  regarding  some  of  them,  at  least,  as  true  monkeys, 
directly  ancestral  to  certain  of  the  living  South  American 
forms.  This  will  be  further  discussed  under  the  descriptions 
of  the  species. 

The  divisions  of  these  species  of  Primates  into  family  and 
subfamily  groups  is  in  the  present  state  of  our  knowledge 
attended  with  much  diflSculty.  In  one  series  including  the 
genera  Omomya^  Hemiacodoii^  and  probably  Euryacodon  also, 
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there  are  nine  teeth  in  the  lower  jaw,  which  with  little  doubt 
are  to  be  interpreted  as  two  incisors,  one  canine,  three  premo- 
lars, and  three  molars.  In  another  series  which  includes  Anap- 
tamorphiMy  Washakiu8j  Necrolemur^  and  presumably  Micro- 
ehcerue,  there  are  only  eight  teeth  in  the  lower  jaw,  as  in 
Tarsitcs.  In  this  latter  genus,  the  missing  tooth  is  known  to 
be  an  incisor,  and  it  is  almost  equally  certain  that  in  AnapUh 
morphue  it  is  a  premolar.  In  Necrolemur^  althougli  perfect 
lower  jaws  bearing  the  full  inferior  dentition  are  known,  it  is 
quite  impossible  correctly  to  assign  the  teeth  in  the  front  of 
the  jaw  to  their  proper  categories.  In  the  case  of  Wa^hahiuB^ 
if  the  total  number  of  teeth  is  correctly  determined  to  be  eight 
in  each  lower  jaw,  tlien  it  is  reasonably  certain  that  the  missing 
tooth  is  an  incisor,  as  in  Tarsius.  Just  what  significance  is  to 
be  attached  to  those  differences  can  not  now  be  properly  esti- 
mated, but  if  among  the  living  Lemuroidea  the  presence  or 
absence  of  one  tooth  does  not  indicate  more  than  a  subfamily 
distinction,  I  fail  to  see  why  such  a  character  should  be 
regarded  as  of  greater  importance  among  the  extinct  forms. 
It  nas  been  customary  with  some  authors  to  associate  Micro- 
choerus  and  Necrolemur  in  a  6ej>arate  family,  and  remove  them 
from  the  American  species,  on  account  of  the  complexity  and 
more  advanced  character  of  their  teeth.  It  has,  in  fact,  been 
insisted  upon  by  Leche*  that  they  belong  to  the  Lemuroidea. 
If,  however,  the  carotid  circulation  is  like  that  of  Tarsi^is^  they, 
with  the  American  forms,  probably  belong  in  the  Paleopithe- 
cini;  and  the  complexity  of  their  teeth  will  no  more  entitle 
them  to  distinct  family  rank  than  that  of  the  Indrisince  would 
cause  them  to  be  classified  as  a  separate  family  of  the  Lemu- 
roidea. The  differences  in  tooth  structure  between  Necrolemur 
and  Jlemiacodon  are  not  as  great  as  they  are  between  Propi- 
thecMS  and  Lemur. ^  I  therefore  provisionally  arrange  these 
extinct  forms  in  a  single  family  Anaptomorphidfle,  with  at  least 
two  well-marked  subfamily  divisions.  There  can  be  no  doubt 
apparently  that  Tars^lus^  by  reason  of  the  modification  of  its 
hind  limbs  and  because  of  other  modernized  features,  should 
be  placed  in  a  distinct  family. 

*  Untersuchuiigen  neber  das  Zahnsystem  lebender  und  fossiler  Halbaffen. 
Festschrift  fttr  Carl  Oegenbanr^  Leipzig,  1896. 

f  That  Necrolemur  and  Microchtprus  exhibit  some  strikiDg  resemblances 
to  the  ludrisinap  among  the  Lemuroidea,  however,  is  certain,  and  it  may  weU 
be  tliat  in  these  forms  we  have  the  ancewtors  of  this  group  of  lemurs  and  a 
true  transition  from  the  more  or  leHS  upright  position  of  the  lower  incisors 
to  that  of  the  procumbent  implantation. 


Marsh  Collection^  Peahody  Museum.  29 

Family  Anaptomorphidce, 

The  family  is  divisible  into  two  subfamilies,  as  follows : 

Nine  teeth  in  the  lower  jaw.  OmomyiDSB. 

Eight  teeth  in  the  lower  jaw.  AnaptomorphinsB. 

Subfamily  Omomyince, 

The  genera  of  this  subfamily  are  distinguished  by  the  fol- 
lowing characters : 

Lower  molars  having  three  cusps  on  trigon,  the  anterior  cusp 
of  the  last  molar  not  being  as  distinct  as  that  of  the  others  ;  heel 
of  last  molar  with  three  cusps ;  first  and  second  molars  narrow  in 
front,  with  wider  heel ;  last  molar  slightly  smaller  than  first  and 
second,  with  heel  very  little  wi<ler  than  trigon  ;  fourth  lower  pre- 
molar with  small  internal  cusp  and  an  indistinct  heel  ;  third  lower 
premolar  without  internal  cusp  or  heel,  but  having  a  pointed 
crown  whose  summit  rises  above  the  crowns  of  the  other  teeth  ; 
canine  larger  than  incisors  or  second  premolar ;  neither  first  nor 
second  incisor  enlarged ;  superior  molars  tritubercular,  with 
rounded  external  angles,  and  but  moderately  extended  trans- 
versely ;  intermediates  ^  faint  or  absent ;  a  rudimental  postero- 
internal cusp  present  on  first,  less  distinct  on  second,  and  absent 
on  third  molar  ;  first  and  second  molars  subequal,  third  slightly 
smaller.  Omomys. 

Lower  molars  having  three  cusps  on  trigon,  the  anterior  of  the 
third  being  least  distinct ;  heel  of  last  molar  with  three  cusps  ; 
first  and  second  molars  narrow  in  front,  with  broader  heel  ;  last 
molar  longer  but  narrower  than  first  and  second,  with  heel  very 
little  wider  than  trigon  ;  fourth  inferior  premolar  with  strong 
internal  cusp  and  distinct  heel ;  third  premolar  with  rudimental 
internal  cusp  and  heel ;  summit  of  crown  not  high  and  pointed  as 
in  Omomys  /  second  premolar,  canine,  and  external  incisor  small 
and  of  equal  size  ;  first  incisor  enlarged  ;  superior  molars  trituber- 
cular, with  squarish  outline  externally,  and  with  intermediates 
very  distinct;  a  small  distinct  postero-internal  cusp  on  first  and 
second  molars,  but  absent  on  ihird  ;  a  strong  cingulum  continued 
around  inside  of  crown,  and  de-veloping  an  additional  cusp  at  the 
antero-external  angle  of  the  crown.  Hemiacodon. 

Lower  molars  having  three  cusps  on  trigon,  the  anterior  cusp 
of  the  last  molar  being  absent;  heel  of  last  molar  without  distinct 
internal  cusp  ;  first  and  second  molars  without  much  disparity  in 
width  between  trigon  and  heel  ;  last  molar  narrow  and  reduced  ; 
premolars,  incisorH,  and  canines  unknown  ;  superior  molars  tritu- 
bercular, with  rounded  external  angles;  intermediates  small,  but 
distinct;  a  postero-internal  cusp  on  crown  of  second  molar;  cingu- 
lum continued  around  in  front,  developing  a  small  cusp  internal 
to  the  main  internal  cusp ;  last  molar  considerably  reduced. 

JEJuryacodon. 
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Omomye  Carteri  Leidy. 

Omomya  Carteri  Leidy,  Proc.  Acad.  Nat.  Sci.  Phila.,  April,  1809,  and 
Extinct  Fauna  of  Dakota  and  Nebraska,  1869,  p.  408,  pi.  zxix,  figs.  13,  14; 
Hemiaeodon  nanus  Marsh,  this  Journal,  Augnif^t  18,  1872,  p.  218 ;  Paloeaco- 
don  vagus  Marsh,  this  Journal,  September,  1872,  p.  224. 

The  type  of  this  genus  and  species  consists  of  a  right  man- 
dibular ramus  containing  the  third  and  fourth  premolars 
and  the  lirst  and  second  molars,  together  with  the  alveoli  of  all 
the  remaining  teeth  of  one  side  of  the  jaw.  The  specimen  was 
found  by  the  late  Dr.  J.  Van  A.  Carter,  near  Grizzly  Buttes, 
in  the  Bridger  Basin,  and  is  preserved  in  the  collection  of  the 
Philadelphia  Academy.  A  comparison  of  the  type  of  Heiniac- 
odon  nanus  with  Leiay's  very  excellent  figure,  as  well  as  with 
Osborn's  outline  drawing  from  a  photograph  of  the  type  of 
Oinomjys  Carteri^  rendei^s  it  perfectly  clear  that  the  two  are 
not  only  generically  but  speciiically  identical.  Another  type 
which  in  all  probability  belongs  to  this  species  is  Palceacodon 
vagus.  This  latter  consists  of  three  superior  molars  of  the 
right  side  in  perfect  condition.  In  no  specimen  of  the  iifty  or 
more  individuals  of  Omomys  Carteri  contained  in  the  Marsh 
collection  are  there  upper  and  lower  teeth  in  association,  and  I 
base  my  opinion  that  these  superior  molars  of  Palceacodon 
vagus  are  the  upper  teeth  of  0.  Carteri  upon  the  following 
considerations :  In  a  closely  allied  species  of  the  same  genus, 
O,  pxicUlus^  in  my  own  collection,  there  are  upper  and  lower 
teeth  which  were  found  together  in  such  a  way  as  to  render  it 
reasonably  certain  that  they  belong  to  the  same  individual; 
there  is  a  decided  resemblance  between  the  structure  of  the 
corresponding  teeth  of  the  two  forms  ;  in  size  the  teeth  oi  P. 
vagus  correspond  almost  exactly  with  what  the  upper  teeth  of 
O.  Carteri  should  be,  as  indicated  by  the  relative  measure- 
ments of  the  upper  and  lower  teeth  of  Hemiaeodon  gracilis^ 
Tarsius  sj)ectrum^  and  A?iaj)to7)iorj)/i us  hjinuneulus^  in  all  of 
which  the  u])per  teeth  are  known  ;  they  do  not  agree  in  size 
with  the  lower  teeth  of  any  other  known  species  of  Bridger 
Primate.  I  therefore  conclude  that  the  type  of  Pata^acodon 
vagus  refers  to  the  upper  teeth  of  Omomys  Carteri. 

Description  of  the  Type  of  Hemiaeodon  nmnts. 

The  specimen  upon  which  Professor  Marsh  established  this 
species  consists  of  a  fragment  of  a  right  mandibular  ramus, 
figure  120,  containing  the  fourth  premolar  and  all  three  molars 
in  perfect  preservation.  The  crown  of  the  fourth  premolar 
when  seen  from  above  has  a  somewhat  squarish  outline,  slightly 
wider  behind  than  in  front,  and  is  composed  of  a  main  central 
pointed  cusp  whic^li  arises  a  little  above  the  level  of  the  cusps  of 
the  molars.   Upon  the  outside  this  cusp  is  convex,  and  internally 
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K>Tnewbat  concave.  A  sharp  ridge  descends  from  the  apex  of 
the  main  cusp  in  front,  curving  gently  inward  to  terminate  at 
the  base  of  tlie  crown  in  a  small,  though  distinct,  anterior  cusp 
ieveloped  from  the  cingulum.  Posteriorly  the  principal  cusp 
Is  flattened  in  such  a  manner  as  to  present  a  triangular  face 
looking  upward  and  backward.  Upon  the  descending  ridge 
forming  the  inner  border  of  this  triangular  area  is  a  small,  but 
jistinct,  internal  cusp,  which  stands  internal  and  posterior  to 
the  main  cusp.  The  posterior  face  of  the  crown  descends 
steeply  to  an  indistinct  ledge  at  the  base,  which  is  the  rudiment 
>f  the  heel.^  There  are  no  additional  cusps  developed,  however, 
^n  this  situation,  and  the  heel  may  be  said  to  be  practically 
rudimental  or  absent.  It  is  a  matter  of  importance  to  note  the 
relations  of  the  cusps,  since  they  serve  to  explain  the  struc- 
:ure  of  the  succeeding  molars.  There  is  a  sliglit  cingulum 
surrounding  the  base  of  the  crown  in  front. 

The  first  and  second  molars  are 
>f  nearly  equal  size,  and  like  those 
>f  so  many  other  prin)itive  Primates 
;heir  crowns  are  composed  of  an 
interior,  narrow,  triangular  portion 
rearing  three  cusps — the  trigon, 
md  a  broader  posterior  basin-sha|)ed 
noiety — the  heel.  The  trigon  of  the  Figure  l,'0.— Fragment  of  a 
irst  molar  is  most  distinct,  and  the  rij^^hticnyer  jaw  of  Omomj/^  Car- 

y  I  ^  1    ten  Leidy  (type  of  Hrmtacoaon 

:hree  subec'ual  cusps  are  arranged  „aHie.sMarsh):  inside  view;  two 
n  the  form  of  an  equilateral  tri-  and  one  half  times  natural  size. 
mgle.    If  the  external  cusp  is  taken 

vs  the  apex,  the  base  coincides  almost  exactly  with  the  tooth 
line.  It  results  from  this  arrangemt^nt  that  the  internal  cusp 
A  situated  posterior  and  internal  to  the  external  cusp,  which 
corresponds  to,  and  is  strictly  homologous  with,  tlie  main  cusp 
)f  the  premolar  in  advance.  The  anterior  cusp  of  the  trigon 
s  well  developed,  of  a  distinctly  conical  form,  and  projects 
slightly  forward  in  advance  of  the  crown.  The  heel  broadens 
•apidly,  and  is  composed  of  a  large  V-shaped  external,  and 
I  smaller,  more  or  less  conical,  internal  cusp,  inclosing  a 
iepression  or  valley.  This  valley  is  completed  behind  by 
;wo  ridges  passing  inward  and  backward  from  the  two  cusps 
>f  the  heel.  At  the  angular  point  where  these  two  arms  meet, 
I  slight  swelling  of  the  enamel  occurs,  which  may  be  spoken 
)f  as  an  additional  cusp. 

The  second  molar  differs  but  little  from  the  first,  the  only 
loticeable  variation  being  that  the  anterior  cusp  of  the  trigon 
B  considerably  smaller,  less  conical,  and  occupies  a  more  pos- 
«rior  position.  The  external  and  internal  cusps  of  the  trigon 
ire  likewise  more  nearly  opposite  each  other,  or  transverse  to 
;he  long  axis  of  the  jaw. 


33         Wortman — Studieg  of  Eocene  Mammalia  in  the 

The  third  molar  differs  from  the  two  in  advance  of  it  in 
showing  a  still  further  reduction  of  the  anterior  cnep  of  the 
trigon,  which  can  hardly  be  said  to  be  distinct,  as  well  as  the 
presence  of  a  well-developed  third  enep  and  a  more  elongated 


FiacRi  131. — Left  lower  j&w  of  Qmomy*  Cartrri  Leld;  ;  ehowiug  ths 
•ItcoU  for  fruDt  teeth ;  external  Tlew ;  two  and  one-half  times  natnral  eiM ; 
drawn  from  two  epecimeiu. 

Piaimx  122. — Crown  view  of  th«  preceding  flgOM  ;  tvro  and  one-half  timea 
natural  eiM. 

heel.  It  is  also  noticeably  narrower,  and  in  many  respects  dis- 
tinctly einaller,  than  the  anterior  molars.  The  heel  has  a  large 
enbmcdian  cusp,  whiirh  stands  a  little  nearer  to  the  inner  tlian 
to  the  outer  side  of  the  crown. 

From  the  great  number  of  additional  specimens  of  this 
species  in  the  collection,  it  is  possible  to  leani  the  exact  dental 
formnla  of  the  lower  jaw,  which  is  shown  in  the  accompany- 


Fioriut  133. — Crown  view  of  three  saperior  molara  of  Omomys  CarUri 
-  Leidy  (type  of  Palrraeoilan  ni^ii  Mamh) ;  four  times  natural  size. 

The  ciugnlar  cnspnle  internal  to  the  main  ant«To-:iitenial  cosp  of  the  firat 
molar  U  worn  away  in  the  npeuim^n.  and  faait  not  been  indicated  by  the 
artist  with  enffloient  diatinctneiw.  The  external  cneps  are  more  flattened 
eiternallj  than  is  shown  in  the  drawing. 

ing  cuts,  figures  121  and  12±  There  is  no  specimen  in  which 
the  crowns  of  the  incisors,  canines,  or  first  (second)  premolar 
are  preserved,  but  that  of  the  second  (third)  is  shown  in  sev- 
eral examples.     Its  chief  cliaracters  are  as  follows : 

There  is  a  single  high  pointed  cusp,  which  rises  consider- 
ably above  the  remaining  teeth ;  there  is  no  internal  nor  ante- 
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rior  cusp ;  the  heel  is  little  developed,  and  tliere  is  a  faint 
indication  of  a  cingulum  in  front. 

The  premolar  in  advance  of  this,  which  is  really  the  second 
according  to  the  proper  enumeration,  has  a  single  fang  dis- 
tinctly smaller  than  that  of  the  canine.  The  two  incisors,  as 
determined  by  their  alveoli,  were  also  smaller  than  the  canine, 
and  had  an  erect  position  as  in  the  monkeys,  not  procumbent  as 
in  the  lemurs.  In  one  specimen,  the  fii*st  is  shown  to  be  a 
little  larger  than  the  second,  as  in  some  monkeys.  The 
mandibular  rami  were  never  coossiiied. 

Description  of  the  Type  of  Paloeacodon  vagns. 

Of  the  upper  teeth,  the  molars,  figure  123,  alone  are  known, 
if  my  determination  that  those  oi  P.  vcbgus  refer  to  Omomys 
Ca/rteri  is  correct.  From  what  has  just  been  said,  I  think 
there  can  be  little  doubt  of  this.  The  first  molar  is  the  largest 
of  the  series,  and  its  more  or  less  rectangular  crown  is  made  up 
of  three  principal  cusps  arranged  in  the  form  of  a  triangle,  of 
which  two  are  external  and  one  is  internal.  The  external  cusps 
are  imperfectly  conical,  slightly  flattened  on  the  outside,  and 
connected  with  the  internal  by  two  distinct  ridges  (the  trigonal 
ridges),  upon  which  near  the  middle  are  developed  two  small, 
indistinct,  intermediate  cusps.  The  large  internal  cusp  is  imper- 
fectly V-shaped,  and  around  the  inner  side  of  its  base  there  is 
a  strong  cingulum.  Posterior  and  internal  to  this  cusp,  the 
cingulum  develops  a  considerable  swelling,  which  is  the  begin- 
ning of  the  posterior  internal  cusp  of  the  higher  monkeys.  It 
is  built  out  in  such  a  way  as  to  give  a  decidedly  rectangular 
appearance  to  this  part  of  the  outline  of  the  crown.  This 
aspect  is  augmented  by  the  unusual  development  of  the 
cingulum  at  the  antero-internal  angle,  where  it  likewise  devel- 
ops a  small,  though  distinct  cusp.  In  the  second  molar,  which 
is  slightly  smaller  than  the  first,  the  structure  of  the  crown,  as 
well  as  the  arrangement  of  the  cus])s,  is  essentially  the  same. 
The  postero-internal  cusp  is,  however,  not  so  well  developed, 
and  the  internal  outline  of  the  crown  is  more  rounded  and  less 
angular  than  that  of  the  first  molar.  The  last  upper  molar  is 
reduced  to  about  the  same  degree  as  that  of  the  lower  jaw. 
The  intermediates  of  this  tooth  are  very  indistinct,  and  the 
internal  cingulum  is  little  developed.  The  inner  part  of  the 
crown  is  narrower  and  more  pointed. 

The  premolars  are  unknown,  but  in  the  type  specimen  the 
fangs  of  the  fourth  are  to  be  seen.  These  consist  of  two 
external  and  one  internal,  as  in  the  molars.  Of  the  two 
external  roots,  the  posterior  seems  to  be  the  smaller. 

The  vertical  range  of  this  species  is  great,  and  specimens 
occur  from  the  lowest  to  the  highest  levels  of  the  beds. 

[To  be  continned.] 

Am.  Jour,  8ol— Foukth  Series,  Vol.  XVII,  No.  97.— January,  1904. 
3 


34     T.  A.  Jaggar — Initial  Stages  of  the  Spine  on  Pelee. 


Art.   III. — The  Initials  Stages  of  the  Spine  mi  Pelee ;   by 
T.,  A.  Jaooab,  Jr.,  Cambridge,  Mass. 

Dr.  IIovey's  interesting  studies*  of  the  remarkable  spine 
which  has  been  developed  on  the  summit  of  the  new  cone  of 
debris  on  Mt.  Pelde,  in  Martinique,  recall  to  the  writer  certain 
notes  and  photographs  made  soon  after  the  first  eruption  in  1902. 
These  notes  are  of  some  interest  in  the  light  of  Hovey's  dis- 
coveries, and  they  are  presented  here  as  representing  what  is 
perhaps  the  first  record  made  in  the  field  of  the  process  of 
spine-growth.  A  theory  of  origin  for  such  spines  was  crudely 
framed  at  the  time,  but  many  details  were  obscure.  Hoveys 
article  has  cleared  up  some  of  these  points,  and  an  explanation 
of  the  phenomenon  is  here  suggested,  partly  at  variance  yn\\\ 
the  theory  of  the  French  geologists. f 

The  I^lrst  Observed  Spine, 

On  May  21,  1902,  the  most  distinctive  features  of  the  inner 
cone  were  its  low  i-elief  relative  to  tlie  walls  of  the  gorge,  and  the 
materials  of  which  it  was  composed.  It  appeared  to  be  a  heap 
of  scaly  or  crusty  bowlders,  *'smonldering"  in  appearance, 
brown  dust  clouds  rising  from  the  crevices  between  the  frag- 
ments. The  cone  had  a  rounded  crest  and  its  height  above  its 
apparent  base  was  not  more  than  400  feet.  The  old  rim  of  the 
basin  at  the  head  of  the  Riviere  Blanche  rose  above  it;  the 
diameter  of  this  basin  appeared  to  be  about  800  feet. 

On  June  27th,  1902,  from  Carbet,  the  cone  was  seen  to  have 
grown  to  a  height  somewhat  above  the  rim  of  the  gorge.  The 
mountain  at  that  time  was  almost  continuously  capped  with  a 
rain-cloud  ;  for  a  few  minutes  that  afternoon,  however,  it  par- 
tially cleared,  and  the  detail  of  the  cone's  slope  was  seen  witb 
a  Zeiss  binocular  to  consist  of  large  fragments  of  brownish 
angular  material  resting  on  a  bed  of  apparently  finer  gravel. 
The  reddish  dust  ^cauliflowers'  accumulated  about  every  half- 
hour  and  rolled  down  the  gorge  of  the  Kiviere  Blanche  from 
the  cone.  Sometimes  this  phenomenon  was  followed  by  a  low 
rumbling  roar.  This  suggested  that  avalanches  of  loose  rock 
and  gravel  were  falling,  either  from  the  rim  of  the  crater  or 
the  slopes  of  the  cone.  The  basin  had  certainly  caved  in  more 
or  less  since  May  21st,  for  it  was  much  wider,  and  the  cone  had 
gained  enormously  in  both  height  and  breadth.  From  the 
Carbet  beach,  at  night,  a  bright  incandescent  streak  was  seen 

*  K.  O.  Hovey,  The  New  Cone  of  Mont  Pel^  and  the  Gorge  of  the  Riviere 
Blanche,  Martinique.    This  Journal,  October,  1903,  p.  269. 

f  Hovey,  loc.  cit.  p.  276.  Lacroix,  Comptes  Rendus,  Oct.  27  and  Dec.  1, 
1902. 
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Tossing  the  west  side  of  the  base  of  the  eone  obliquely  from 
)nth  Xx>  J\OT\h  upwards.  The  glow  increased  and  diniinished 
isibly,  and  on  one  occasion  a  sudden  increase  was  followed  by  a 
imbling  sound. 

Mention  has  been  made  of  the  scaly  appearance  of  the  frag- 
lents  on  the  slope  of  the  cone.  Tiiey  appeared  quite  simitar 
)  the  "bread-crust"  bomb  from  Pelee  figured  in  the  accom- 
anjing    photograph   (fig.  1).      Tliis   bomb   has  the  specific 


to^^^^_^  •  "i  vTaJ^  a 

?I  ■      1 

rsvity  of  andesite,  shows  a  brecctated  composition,  is  semi- 
itreous  on  the  outer  surfaces,  and  is  uniformly  cracked  in 
eep  gashes  (4  inches).  This  structure  seems  to  indicate  that 
le  outer  portion  of  the  block  has  been  plastic,  while  the 
iterior  remained  a  solid  rock.  Other  similar  fragments,  less 
eeply  fissured,  may  be  found  on  the  slopes  or  Pelee  and 
oufriere,  and  these  are  not  hardened  spheres  of  molten  lava, 
ut  angular  pieces  of  old  volcanic  rocks.  The  presence  of 
nmice  among  the  products  of  Pelee's  eruptions  does  not  of 
eeessity  imply  a  new  lava;  much  of  the  ancient  material  is 
□miceous.  These  bread-crust  bombs,  liowever,  are  not  made 
f  pumice,  but  consist  of  hard  crystalline  andesite,  frequently 
ODtaining  inclusions. 
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On  July  6tli,  1902,  at  7  a.  m.,  the  writer  had  the  good  for- 
tune to  see  tiie  whole  cone  clear  of  clouds  for  about  ten  min- 
utes. The  viewpoint  was  St.  Pierre,  and  others  of  the  partj' 
were  E.  C,  Rost,  photographer,  K.  Lav^naire  of  the  Govern- 
ment oflice  of  Martinique,  and  L.  Weisberg,  correspondent 
of  the  Kew  York  Sun.  Photographs  were  secured  by  Mr. 
Rost,  in  sequence,  showing  the  snccessive  stages  of  develop- 
ment of  the  eloud-cap  on  tlie  crater.  One  of  these  photo- 
graphs is  liere  reproduned,  showing  the  volcano  at  the  moment 
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when  the  complete  inner  cone  came  into  sight  (%s.  2  and  3). 
Brown  dust  was  rising  in  ])urltiig  jeth  all  over  the  surface,  and 
lieavicr  liillown  of  wliitc  steam  ruse  from  tlio  southeast  side  of 
the  cone.  Other  Ktcnni-jets  were  ohscrved  in  tlie  Riviere 
Dlnnclie. 

(.)n  tlie  summit  of  the  cone  was  seen  a  most  extraordinary 
monolith,  shaped  like  the  dorsal  fin  of  a  shark,  with  a  steep 
and  almost  over-hanging  eM'iirpmeiit  on  the  east,  while  the 
western  aspect  of  the  spnie  was  curved  and  smooth  in  profile 
The  field  glass  showed  jagged  surfaces  on  the  steeper  eastern 
side,  and  long  smooth  striated  siojies  on  the  western.  Other 
horu-like  jirojcotinns  from  the  cone  could  lie  discerned  with 
difficulty  on  its  slopes  lower  down.  Similar  liorns  were  noted 
by  Ileilprin  in  Angnst.*  The  great  ^pine  on  the  summit  wafi 
not  less  than  2UU  feet  Iiigh  above  the  surface  of  the  cone, 
"Hovey,  loc.  eit.  p.  2T3. 
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The  Spine  of  1903. 

Comparing  this  spine  with  the  greater  one  figured  by  Hovey* 
from  photographs  taken  in  March,  1903,  it  will  be  seen  that  it 
faces  in  the  opposite  direction,  i.  e.  the  steep  scarp  in  Hovey's 
pictures  faces  west,  in  our  photograph  it  faces  east.  In  both 
cases  there  is  a  long  curved  constructional  slope  on  one  side  and 
a  broken  cliff  of  destruction  the  other.  Hovey  has  pointed 
out  that  the  later  spine  was  probably  the  product  of  conditions 
developed  after  August  30th,  1902.  The  two  eruptions  of 
July  9th  and  August  30th,  1902,  were  sufficiently  violent  to 
destroy  the  spine  observed  July  6th,  by  the  present  writer. 

The  steep  cliff  is  clearly  in  both  cases  a  destructional  surface 
from  which  material  has  fallen  away.  The  evolution  of  the 
later  spine  as  observed  by  Major  Hodderf,  changing  from  the 
"lightliouse"  shape  to  the  "church  steeple"  (shark's  tin)  shape, 
seems  to  the  writer  to  imply  the  blowing  off  or  caving  in  of 
one  side  of  a  conical  mass  at  first  symmetrical  about  a  central 
vent.  This  would  account  for  the  absence,  noted  by  HoveyJ, 
of  any  "definite  conduit  through  the  spine  itself,"  and  the 
occurrence  of  heavy  outbursts  "from  the  southwest  side  of  the 
cone  near  the  base  of  the  spine".  The  channel  for  such  out- 
bursts, at  the  base  of  the  steep  side  of  the  spine,  is  the  original 
central  conduit  of  a  domical  mass  which  has  completely  caved 
in  on  one  side,  leaving  the  infacing  spine  as  a  half  broken- 
down  remnant.  The  process  of  breaking  down  may  be  grad- 
ual, and  the  upthrust  from  below  may  continue  to  act  on  the 
half  destroyed  residual  spine.  This  will  account  for  gradual 
changes  of  shape  and  fluctuations  in  elevation  of  the  spine.  The 
striated  surface,  if  this  explanation  be  correct,  should  be  found 
oh  all  sides  of  the  monolith  during  the  continuance  of  the 
"lighthouse"  stage.  This  stage  may  be  restored  to  the  profile 
shown  in  the  photographs  by  imagining  the  smooth  curve 
repeated  on  the  steep  side  of  the  spine  so  as  to  give  it  a  sugar-loaf 
shape.  Tlius  in  July,  1902  (figs.  2  and  3),  the  east  side  of  the 
sugar-loaf  had  been  blown  away  or  had  flaked  off ;  in  March, 
1903,  the  west  side  had  been  removed  as  shown  in  Hodder's 
diagrams. § 

(Granting  that  these  horns  are  broken  remnants  of  hard  cone- 
shaj)ed  pr()tul)erances  from  the  new  pile  of  debris  in  the  crater- 
gorge,  there  remains  the  question  of  the  origin  of  these  protu- 
berances. They  have  dike  ribs  extendinir  from  them,  and  are 
composed  of  liard  rock,  fissured  and  glowing  at  times,  but  with- 
out associated  lava  streams  of  anv  s(a*t.     The  cumnlo-volcano 

^-  Tliis  Jonrnal,  tiK*^.  1  to  7,  OctoLer,  1903. 

f  Hovey,  lot*,  oit.  pj).  273-'27.">.  and  ti^'s.   2  and  3. 

\  Loc.  fit.  i>.   270.  Ji  Loc.  cit. 
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theory  of  Lacroix  supposes  a  "lava"  to  have  risen  from  the 
deep  regions  to  furnish  material  for  tlie  spine.  This  "lava," 
nearly  congealed,  "seems  to  have  been  pushed  up  bodily  into 
its  present  position,  and  to  be  maintained  there,  somewhat  like 
the  stopper  in  a  bottle,  by  friction  against  the  sides  of  the  neck 
and  by  the  expansive  forces  underneath."^  There  can  be  no 
question  of  the  evidence  that  shows  the  spine  to  have  been 
pushed  up  in  a  semi-solid  condition  through  fissures  in  the  cone 
of  debris.  We  may  ask,  however,  this  question, — may  not  the 
half-molten  substances  be  a  superficial  product,  resulting  from 
the  mechanical  and  thermal  conditions  that  governed  the  build- 
ing of  the  cone  ? 

The  writer's  reasons  for  opposing  the  "lava"  hypotheses  are 
twofold :  (1)  None  of  the  ejecta  of  Pleistocene  times  in  the 
Caribbees  are  true  lavas ;  (2)  Even  the  more  ancient  geologic 
sections  show  few  flows.  If  lavas  are  to  flow  from  telee  at 
this  time,  then  these  eruptions  inaugurate  a  new  era.  This 
is  improbable,  for  there  have  been  eruptions  in  these  islands 
averaging  once  in  twenty-three  years  for  over  300  years  of 
human  record,  and  the  eruptions  of  tlie  unrecorded  previous 
centuries  left  no  lava  flows  on  the  present  or  recent  topography. 
The  ejecta  collected  from  the  present  and  past  historic  eruptions 
are  fragments  of  ancient  andesites  and  basalts. 

Theory  of  Origin  of  Sphie. 

The  following  is  a  suggested  explanation  of  the  origin  of  the 
spines,  which  does  not  require  a  flowing  lava  to  rise  into  the 
throat  of  the  volcano  from  deep-seated  sources: — 

The  spines  are  small  compared  to  the  volume  of  material 
which  has  fallen  back  into  the  crater  from  many  successive 
eruptions.  This  material  fills  not  only  the  crater-gorge  of  the 
Riviere  Blanche,  but  deep  fissures  of  unknown  size  beneath  the 
present  cone.  Such  fissures  have  been  enlarged  below  with 
every  eruption,  while  at  the  same  time  bombs  have  been 
heaped  upon  the  cone  above. 

The  rocks  ejected  were  observed  to  become  more  incandescent 
with  successive  eruptions  and  much  of  that  which  fell  back  on 
the  cone  consisted  of  large  fragments  half  molten  on  the  surface ; 
there  was  much  finer  material  mixed  with  these. 

Accumulation  of  this  pasty  incandescent  material  with  each 
new  eruption  produces  increased  pressure  from  above,  and  by 
conduction  and  radiation  the  heat  is  probably  concentrated. 
The  outer  portions  of  the  cone  become  crusted,  a  blast  of  hot 
gases  and  the  steam  traverses  the   open   passages,  and   both 

*Hovey,  loc.  cit.,  p.  278. 
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chemical  and  mechanical  conditions  favor  the  fusion  and  segre- 
gation within,  of  the  more  fusible  minerals. 

Rifting  of  the  crust  may  take  place  by  faulting,  differential 
contraction,  or  by  the  action  of  escaping  steam,  and  the  molten 
matter  slowly  wells  up  under  the  pressure  of  the  slumping 
agglomerate. 

Exposed  to  the  cooler  air  this  viscid  silicate  mixture  solidifies 
quickly  and  impedes  the  upward  progress  of  the  more  liquid 
portions  below. 

The  actual  volume  of  the  molten  material  would  increase 
with  many  successive  eruptions  and  diminish  with  cessation  of 
eruption  :  it  would  vary  with  the  growth  of  the  cone^  and  this 
is  what  the  spines  have  been  observed  to  do.  There  can  be  no 
doubt  that  an  enormous  amount  of  red-hot  material  is  confined 
in  the  cone  and  the  fissures  beneath ;  that  it  would  remain 
incandescent  for  months  even  without  additions  is  proved  by 
analogy  with  the  banks  of  hot  gravel  along  the  stream 
courses.  These  retain  their  heat  for  many  weeks  after  an  erup- 
tion; a  rain-crust  forms  above,  and  the  banked-in  gravel  causes 
frequent  explosions  when  ground-water  makes  contact  with  it 
If  these  banks  so  retain  their  heat  at  a  distance  of  miles  from 
the  crater,  much  more  will  the  temperatures  within  the  cone 
be  high  and  long  maintained,  for  there  the  fragments  are  hot- 
test and  largest,  are  accumulated  in  greatest  volume,  are  fre- 
quently added  to,  and  are  in  contact  with  dust-laden  steam  and 
heated  gases  rising  under  pressure  from  unknown  depths. 

Even  if  no  spines  had  appeared,  one  might  ask  on  a  priori 
grounds,  What  has  become  of  all  the  pasty  incandescent  mate- 
rial that  has  fallen  back  into  the  crater  and  is  now  under 
pressure  ?  It  cannot  be  supi)0sed  to  have  hardened  at  once,  and 
it  must  have  been  intimately  mixed  with  pulverized  rock  of 
varying  fusibility.  It  would  seem  dynamically  probable,  there- 
fore, that  such  material  would  become  agglutinated  in  fluid 
masses  within  the  agglomerate  of  the  crater  fissure,  and  escape 
to  form  irregular  protuberances  along  paths  of  least  resistance. 
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Art.  IV. — TA^  Action  of  the  Halogen  Acids  upon  Vanadic 
Acid;  by  F.  A.  Gooch  and  R.  W.  Curtis. 

[Contributions  from  the  Kent  Chemical  Laboratory  of  Yale  University — CXXIIL] 

In  the  study  of  the  interactions  between  the  halogen  acids 
and  vanadic  acid  in  solution  made  chiefly  with  a  view  to  the 
analytical  applications,  it  has  been  shown  that  if  conditions  be 
suitably  fixed,  vanadic  acid  may  be  reduced  definitely  by  hydro- 
chloric acid  and  by  hydrobromic  acid  to  a  condition  of  oxida- 
tion corresponding  to  that  of  the  tetroxide,  V^O^,  and  that 
hydriodic  acid  may  carry  the  reduction  to  the  stage  of  the 
tetroxide  or  to  that  of  the  trioxide,  V^O,,  according  to  condi- 
tions. It  is  the  object  of  this  paper  to  record  some  results  of 
farther  study  of  the  conditions  of  action  between  vanadic  acid 
and  the  halogen  acids. 

The  Reducing  Action  of  Hydrochloric  Acid. 

It  has  been  shown  in  an  article  from  this  laboratory*  that 
the  reaction  of  the  process,  according  to  which  a  suitable 
vanadate  is  treated  with  hydrochloric  acid,  the  solution  boiled, 
and  the  evolved  chlorine  determined  as  suggested  by  Bunsen,t 
noted  by  Mohr,:{:  and  utilized  by  Gibbs,§  is  nearly  complete  in 
a  single  operation  when  the  concentration  of  the  hydrochloric 
acid  is  sufficient,  and  that  an  approximately  correct  determina- 
tion of  the  vanadium  may  be  made  by  the  process  when 
special  care  is  taken  to  register  all  the  chlorine  set  free.  It 
appeared,  however,  that  the  reaction  is  reversible,  and  that  in 
the  ordinary  process  involving  a  single  treatment  of  the  vana- 
date with  strong  hydrochloric  acid  and  boiling,  the  tendency 
to  reverse  is  not  fully  overcome.  When  hydrochloric  acid  of 
suitable  concentration  and  the  vanadate  come  to  contact,  the 
evolution  of  chlorine  is  immediate,  some  chlorine  escapes 
from  the  solution,  some  is  retained,  and  the  reaction  proceeds 
to  a  balance  as  indicated  in  the  expression 

V,0,  +  2HCI  Z  V,0,  +  H,0  +  CI,. 

To  complete  the  reduction  of  the  higher  oxide  it  is  neces- 
sary to  remove  the  free  dilorine  from  the  system  while  keep- 
ing up  the  requisite  strength  of  the  hydrochloric  acid.  In 
removing  the  chlorine  by  boiling,  the  concentration  of  the 
hydrochloric  acid  is  diminished  below  the  point  at  which 
action  upon  vanadic  acid  may  take  place  with  liberation  of 
chlorine.  This  is  why  in  pushing  the  action  to  completion  by 
the  boiling  process,  it  is  necessary  to  increase  the  concentra- 
tion of  the  nydrochloric  acid  from  time  to  time  either  by 
cooling  and  recharging  with  gaseous  acid  or  by  evaporating  off 
the  weak  acid  and  replacing  it  by  strong  acid. 

*  Qooch  and  Stookey,  this  Journal,  xiv,  869  (1902). 

I  Ann.  Chem.  (Liebig),  Ixxxvi,  265.        J  Titrirmethode,  h^  Anfl.,  314. 

§Proo.  Axner.  Acad.,  xriii,  250. 
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In  contianing  the  stud;  of  this  reaction  we  Iiave  thoaght  it 
desirable  to  try  to  effect  the  removal  of  the  chlorine  aod  to 
complete  the  reaction  b;  bubbling  a  current  of  gaseooB  hydro- 
chloric acid  through  the  cooled  reaidne  of  a  single  treatment 
by  boiling.  Under  these  conditions  the  hydrochloric  acid  ranst 
always  be  at  the  concentration  of  activity,  though  the  removal 
of  the  chlorine  must  be  eIow  since  the  current  of  gas  ehonld  not 
be  rapid  enough  to  cause  mechanical  loss  from  the  mistare. 

The  apparatus  used  in  these  experiments  was  similar  to  that 
employed  in  the  former  work  to  which  reference  has  been 
made,  and  is  shown  in  the  accompanying  figure.     We  ha^e 


nsed  as  the  source  of  vanadic  acid  for  the  experiments  to  be 
doecribed  immediately,  and  throughout  this  paper,  ammonium 
vanadate  of  known  purity,  standardized  by  the  method  of 
Holverscheit.* 

In  every  experiment  approximately  O'l  gm,  of  ammonium 
vanadate  was  hrst  introduced  into  the  reduction  flask  B.  The 
air  was  expelled  from  the  apparatus  by  carbon  dioxide  from 
the  generator,  the  receiver  C  being  charged  with  hydrochloric 
acid  and  the  trap  y  with  water.  Concentrated  hydi-ochlorie 
acid  {15'"')  was  admitted  through  tho  stoppered  funnel  A,  and 
the  mixture  was  boiled.  The  deep  red  color  produced  when 
the  acid  was  tirst  added,  gradually  passed  through  green  to 
blue.  The  flask  was  allowed  to  cool,  carbon  dioxide  being 
admitted  to  fill  the  partial  vacunm,  and  surrounded  with  ice. 
Hydrochloric  acid  gas  was  passed  into  the  reduction  flask,  at 
the  rate  of  one  or  two  bubbles  a  second,  through  the  solution 
for  periods  varying  from  ^  to  112,i  hours,  the  solution  turning 
brown  at  first  and  then  changing  to  green  or  blue,  according  to 
the  length  of  the  period.  For  continuing  the  How  of  gas  for 
long  periods  small  Kipp  generators  set  up  with  sublimed  ammo- 
nium chloride  in  large  lumps,  and  concentrated  sulphuric  acid, 
were  found  very  convenient,  a  i^ingle  charge  serving  to  keep  up 
the  flow  continuously  over  night. 

*Itiiing.  Dissert.,  Bfrlia,  18H0,  p.  48. 
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At  the  end  of  the  operation  the  decree  of  reduction  was 
determined  by  titrating  the  contents  of  the  flask,  after  dilu- 
tion, with  potassium  permanganate  in  presence  of  a  manganous 
salt.  The  data  of  the  experiments  are  detailed  in  the  follow- 
ing table : 

Table  I. 

Va04  per  01000  gm. 


NH4VO, 

of  vanadate  taken. 

taken, 
gm. 

Time, 
hrs. 

Exp. 

Calculated. 

Found. 

Difference. 

1 

0-1022 

i 

0-0695 

0-0619 

0-0076 

2 

0-1121 

17 

0-0621 

0-0074 

3 

0-1010 

ISit 

0-0678 

0-0017 

4 

0-0980 

21 

0-0658 

00037 

5 

0-1044 

30      . 

0-0600 

00095 

6 

0-1043 

112i 

0-0691 

0-0004 

The  reduction  of  the  vanadic  acid  to  the  condition  of  the 
tetroxide  by  the  action  of  hydrochloric  acid  in  the  cold  is  obvi- 
ously slow,  as  would  be  expected,  but  the  results  show  tliat  it 
may  be  made  practically  complete  in  this  manner.  No  indica- 
tion of  reduction  below  the  condition  of  the  tetroxide  by  the 
agency  of  hydrochloric  acid  is  apparent. 

The  MedHcing  Action  of  Hydrohromic  Acid, 
In  Holverscheit's  most  excellent  method  for  the  estimation 
of  vanadic  acid  the  reduction,  eflEected  by  the  action  of  hydro- 
chloric acid  and  small  amounts  of  potassium  bromide,  is  almost 
ideally  complete  to  the  condition  represented  by  vanadium 
tetroxide.  Under  the  conditions  the  concentration  of  the 
hydrobromic  acid  is  low,  and  it  was  thought  to  be  of  interest 
to  investigate  the  effect  of  more  concentrated  hydrobromic 
acid  upon  the  course  of  reduction. 

In  the  first  six  experiments  recorded  in  the  following  table, 
weighed  portions  of  ammonium  vanadate  were  introduced  into 
the  reduction  flask,  the  receiver  and  trap  were  charged  with  a 
solution  of  potassium  iodide  (3  gm. :  350^'"'),  the  apparatus  was 
filled  with  carbon  dioxide,  hydrobromic  acid  (15*^™*)  of  sp.  gr. 
1*68  (made  by  distilling  a  mixture  of  potassium  bromide  and 
syrupy  phosphoric  acid)  was  introduced  through  the  funnel 
and  the  mixture  was  boiled  eight  or  ten  minutes.  On  the 
addition  of  the  acid  the  vanadate  dissolved  and  the  solution 
took  on  a  light  green  color,  which  on  heating  changed  to  red- 
brown  and  nnally  to  a  clear  deep  green.  After  cooling,  the 
degree  to  which  the  vanadic  acid  had  been  reduced  was  esti- 
mated in  two  ways — by  determining  by  means  of  standard 
sodium  thiosulphate  the  iodine  set  free  in  the  receiver  by  the 
bromine  evolved,  and  by  oxidizing  by  standard  iodine  the 
reduced  product  in  the  flask.  The  latter  process  followed  the 
lines  recommended  by  Browning*  and  consisted  essentially  in 
neutralizing  the  acid  in  the  reduction  flask  by  potassium  bicar- 

*Zeit8chr.  anorg.  Chem.,  xiii,  116. 
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bonate  (in  solution  1 :  5),  adding  an  excess  of  twentieth  normal 
iodine,  allowing  the  mixture  to  stand  twenty  minntes  (all  with- 
out admission  of  air)  then  transferring  to  a  larger  flask,  intro- 
ducing a  slight  excess  of  twentieth  normal  arsenious  acid,  and 
titrating  to  standard  blue  with  iodine. 

In  experiment  (7)  the  aqueous  hydrobromic  acid  was  strength- 
ened by  cooling  ana  passing  in  gaseous  acid  before  boiling ;  and 
in  experiment  (8)  tne  residue  in  the  flask  was  submitted  to 
several  treatments  of  cooling,  recharging  with  the  vapor  lib- 
erated by  heating  the  strong  aqueous  hydrobromic  acid,  and 
boiling,  in  order  to  see  the  effect  of  varying  the  concentration, 
the  bromine  evolved  by  each  boiling  being  determined,  and 
flnally  the  degree  of  reduction  of  the  residue  was  estimated  as 
usual.  The  results  of  these  expei'iments  are  calculated  upon 
the  hypotheses  that  the  vanadie  acid  is  reduced  (first)  to  the 
tetroxide,  (second)  to  the  trioxide,  and  (third)  that  the  trioxide 
and  tetroxide  are  left  in  mixture. 


Table  II. 

Exp. 

In  0-1000  NH4VO, 
taken 

V,0.    1    V,0, 

Found  ;  calc.   aa 

Va04 

Flask  1  Receiver 

Found :  calc.  as 
Flask   Receiver 

Found ;   calc.  aa 

mixture  from 
figs,  for  receiver 

V«04      v,o, 

gm. 

gm. 

00682 
00632 
0  0632 
0  0632 
00632 
0-0632 

gm.    !     gm. 

00913     0-0877 
0-0879  1   0-()8a5 
00849     0-0896 
0-0858'   0-0849 
0-0854  i   0-0853 
0  0841  i   00839 

gm.     ,     gm. 

gm.     1      gm. 

1 
2 
3 
4 
5 
6 

0-0699 
0-0699 
0-0699 
0-0699 
0-0699 
0-0699 

0-0418 
0-0397 
0-0384 
0-0388 
0-(»386 
0-(»380 

00896 
0-0400 
0-0405 
0  0384 
0-0385 
0-0379 

00521     0-0160 
0-0513     00168 
0-0502  1  00179 
00549     0-0136 
0-0545  ;  0-0189 
0  0559  !  0-0127 

7 

00699 

0-0632 

00945     00943 

1 

00427 

0-0426 

0-0455     0-0221 

8a 
86 
8c 

8rf 

0-0699 

00632 

'   0-0860 

;  01104 

01291 

01258     01291 

00569 

00389 

0  0499 

0()o84 

1  0-0584 

0  0588     0  0146 
0-0295  1  0-0366 
00107  ,  0-05a5 
00107  1  0  0535 

So  it  appears  that  increase  in  concentration  of  the  hydro- 
bromic acid  tends  to  carry  the  reduction  below  the  condition 
of  the  tetroxide  ;  but  the  highest  degree  of  reduction  reached 
in  these  experiments  corresponds  to  a  mixture  of  one-sixth 
tetroxide  and  live-sixths  trioxide. 

Results  somewhat  similar  were  obtained  with  hydrobromic 
acid  made  (first)  by  acting  with  bromine  upon  naphthalene  and 
purifying  the  gaseous  acid  by  passing  it  through  a  column  of 
red  phosphorus,  and  (secondly)  by  passing  the  vapor  of  bro- 
mine with  hydrogen  over  hot  platinum  somewhat  after  the 
synthetic  method  of  Harding,*  and  sending  the  product  through 
red  phosphorus.  In  a  single  case  in  which  the  synthetic  hydro- 
bromic acid  was  used,  the  reduction,  after  three  chargings  of 

*Ber.  Dtsch.  chem.  Ges.,  xiv,  2085. 
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the  liquid  and  boiling,  apparently  reached  the  stage  of  V,0„ 
but,  inasmuch  as  the  purity  of  the  synthetic  hydrobromic  acid 
was  not  thoroughly  established,  we  do  not  regard  this  particu- 
lar result  as  wholly  trustworthy. 

The  Reducing  Action  of  Hydriodic  Acid. 

According  to  Kosenheim*  vanadic  acid  is  not  completely 
reduced  to  the  condition  of  the  tetroxide  by  the  hydriodic 
acid  made  nascent  when  sulphuric  acid  and  potassium  iodide 
interact,  analytical  results  showing  an  apparent  reduction  of 
80  per  cent  or  less.  A  comparison  of  the  calculated  figures 
with  the  recorded  amounts  of  the  reagents  and  their  standards 
raises  the  question  as  to  whether  the  standards  have  not  been 
interchanged  in  the  computation,!  and  in  this  event  Rosen- 
heim's figures  would  approximate  100  per  cent  as  nearly  as 
could  be  expected  under  the  described  conditions  of  manipula- 
tion. Friedheim  and  Euler  echo  Rosenheim's  statement.! 
Browning,§  on  the  other  hand,  has  shown  that  good  analytical 
results  are  obtained  when  solutions  of  the  vanadate,  one  or  two 
grams  of  potassium  iodide  and  10^""*  of  sulphuric  acid  of  half- 
strength  are  boiled  to  a  volume  of  about  Sb^""*  and  the  residual 
solution  is  cooled,  neutralized  with  an  alkaline  bicarbonate 
(after  the  addition  of  a  tartrate  to  prevent  precipitation)  and 
treated  for  some  time  with  an  excess  of  iodine  which  is  fol- 
lowed by  an  excess  of  arsenious  acid,  the  last  being  titrated  by 
iodine  to  the  blue  end-reaction  in  presence  of  starch. 

In  Browning's  process  the  estimation  of  the  reduced  product 
in  the  residue  is  made  the  measure  of  action.  In  section  A  of 
the  following  table  are  given  the  results  of  experiments  in 
which  the  treatment  was  conducted  in  an  atmosphere  of  carbon 
dioxide  and  in  which  the  determinations  of  the  iodine  collected 
in  the  receiver  are  set  over  afi:ain8t  the  determinations  of  the 
reduction  in  the  residue  by  Brownings  process,  omitting  the 
addition  of  a  tartrate. 

In  section  B  are  given  results  of  experiments  differing  from 
those  of  section  A  in  that  in  treating  the  residue  the  excess  of 
iodine  was  added  before  neutralizing  with  potassium  bicar- 
bonate so  that  re-oxidation  should  not  be  effected  in  the 
sensitive  alkaline  solution  by  atmospheric  oxygen  rather  than 
by  the  iodine  which  is  measurable. 

It  will  be  noted  that  in  every  experiment  the  iodine  found 
in  the  receiver  indicates  a  trifling  reduction  beyond  the  con- 
dition of  the  tetroxide  V^O^,  averaging  00023  gm. ;  and  the 
same  in  general  is  true  in  regard  to  those  determinations  of 

*  Inang.  Dissert.,  Berlin,  1888,  p.  18. 

f  Compare  the  standard  of  solutions  on  p.  15  loc.  cit.  with  the  computed 
resnlts  of  tables  on  pp.  15  and  18. 
JBer.  Dtech.  chem.  Ges.,  xxviii,  2070.        §  This  Journal,  U,  185  (1896). 
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Table  III. 


Exp. 


1 
2 
8 

4 
5 
6 

7 
8 
9 


V,04  in 

0-1000  gm. 

NH4VO, 

taken 

gm. 


00699 
00699 
0-0699 
00699 
00699 
00699 
00699 
00699 
00699 


KI    H,S04 
gm. 


1 
1 
1 
1 
1 
1 
1 
1 
•6 


cm^ 


10 
10 
10 
10 
10 
10 
10 
10 
6 


Initial 
vol. 
cm*. 


Redaction  flask 

Va04 


Final    — 
vol.  '  Found 
cm^  I    gm. 


Beceiver  ViOi 


10  1 

0  06d9 

11  1 

00699 

12 

0  0699 

13 

00699 

14 

00699 

15 

0  0699 

16 

00699 

17 

0  0699 

18 

0  0699 

35 
35 
35 
35 
35 
35 
35 

-     .  85 
55     I  35 

! 

I    B 


50 
45 
50 
60 
55 


1 

10 

55 

35 

1 

6 

55 

35 

t  1 

10 

80 

35 

1 

10 

75 

35 

•6 

4 

55 

35 

•6 

10 

55 

35 

•6 

6 

55 

35 

•6 

6 

55 

35 

•6 

4 

55 

35 

0  0668 
00692 
0-0686 
0-0696 
0-0678 
0  0690 
0  0681 
00689 
00679 


00699 
00713 

0"07l"0 
0-0701 
0-0717 
00706 
0-0703 
0  0700 


Error 
gm. 


0  0031  • 
0•0007- 
0-0013 
0-0003- 
0-0021- 
0-0009- 
0-0018- 
0-0010- 
00020- 


O'OOOOi 
00014 -f 

o-ob"iY+ 

0-0002 -f 
00018  + 
0-0007 -^- 
0-00044■ 
0-0001 + 


Found 
gm. 


00700 
00715 
0-0718 
0-0744 
0-0704 
0-0710 
00788 
0  0724 
0-0722 


0-0713 
0  0722 
0-0725 
0-0718 
0-0709 
0-0745 
0-0734 
00727 
0-0731 


Error 
gm. 


0-0001  + 
,0-0016  + 
00019  + 
0-0045  + 
00005+ 
0-0011  + 
00039+ 
0-0025  + 
0-0023  + 


00014  + 
0  00-23+ 
00026-^ 
00019  + 
0-0010  + 
0-0046  + 
000354. 

0-0028  + 
,00032  + 


the  residue  in  tlie  reduction  flask,  in  wliich  the  iodine  was 
added  before  the  bicarbonate — the  over-reduction  in  the  residues 
of  section  B  averaging  0*0007  gm.  The  determinations  of 
reduction  in  the  residue,  in  the  series  of  section  A,  in  which 
the  neutralization  took  place  before  the  addition  of  the  iodine, 
uniformly  show  an  incomplete  reduction — amounting  in  the 
average  to  0*0015  gm. — an  effect  which  is  without  doubt  due 
to  the  action  of  air  upon  the  sensitive  alkaline  solution  of  the 
reduced  vanadate. 

It  appears,  thus,  that  under  conditions  of  concentration  in 
which  in  absence  of  the  vanadic  acid  there  is  no  tendency 
(barring  the  insignificant  action  of  dissolved  air)  toward  lib- 
erating iodine,  a  little  more  iodine  is  liberated  by  vanadic  acid 
when  acted  upon  by  sulphuric  acid  and  potassium  iodide  than 
would  correspond  to  a  reduction  of  vanadic  acid  to  the  condition 
of  the  tetroxide. 

Concerning  the  action  of  concentrated  hydrochloric  acid 
and  potassium  iodide  upon  a  vanadate,  Friedheim  and  Euler* 
give  analytical  data  which  go  to  show  that  reduction  of  the 
vanadic  acid  goes  nearly  (97.2  per  cent)  to  the  condition 
of  the  trioxide  V,0„  and  venture  the  assertion  that  the 
incompleteness  of  the  reaction  is  conditioned  by  the  formation 
of  an  oxyiodide    which  is  broken  up  by  the  hydrochloric  acid 

'   *  Ber.  Dtsch.  chem.  Ges.,  xxviii,  2071. 
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only  at  a  concentration  (volume^  which  can  not  be  reached 
without  danger  to  the  retort  in  which  the  operation  is  conducted. 
Friedheim  and  Euler  propose  the  addition  of  phosphoric  acid 
to  this  end  and  give  excellent  analytical  results  to  sustain  the 
suggestion. 

In   the  experiments  of  the  following  tables,  made  in  the 
apparatus  figured  and  described  above,  the  reductions    were 


Table  IV. 

V,0,  in 

0-1000  NH4VO3 

HCl 

Initial 

Final 

VaOs 

1  found 

Exp. 

taken 

cone. 

KI 

vol. 

vol. 

— 

gm. 

cm'*. 

gm. 
A 

cm-''. 

cm^. 

Flask 

Receiver 

1 

0-0632 

5 

0-6 

50 

* 

0  0328 

__ 

2 

0  0613 

00627 

2 

0-0632 

5      1 

Y 

55 

* 

0-0327 

_ 



^ 

2 

0  0618 

0-0637 

3 

0-0632 

12-5 

1 

50 

♦ 

00378 

. 

.  ^ 

2 

0  0615 

0  0644 

4 

0-0632 

15 

Y 

45 

« 

0-0372 

<B  •> 

^  ^ 

0 

0  0617 

0-0642 

'5 

00632 

25     1 

1 

50 

-x- 

0-0518 

-- 

--  _- 

^-fc 

0 

0-0618 

0  0657 

1 

0  0632 

15 

B 

1 

16 

2 

0-0618 

0-0630 

2 

0-0632 

_. 

_. 

00612 

0  0627 

3 

0  0632 

<*  M 

.. 

.. 

00617 

0  0625 

4 

0-0632 

__ 

0-0620 

0-0630 

5 

0  0632 

^  _ 

_. 

00616 

00627 

6 

00632 

<»  M 

M  M 

.. 

.. 

00618 

0-0628 

7 

00632 

.. 

^  ^ 

~  ~ 

00617 

0-0630 

8 

0-0632 

00617 

00629 

9 

00632 

1     _  _ 

__ 

.. 

0-0616 

0-0629 

10 

0-0632 

1     -- 

1 

^  ^ 

0-0618 

0-0630 

made  by  the  action  of  hydrochloric  acid  and  potassium  iodide.  In 
series  A  varying  concentrations  were  employed  and  the  boiling 
was  interrupted  as  soon  as  the  vapor  of  iodine  had  disappeared 
from  the  flask  and  the  contents  of  the  receiver  titrated  with- 
out admitting  air.  The  receiver  was  then  replaced,  the 
boiling  continued  until  the  volume  remaining  was  about  2^"', 
when  the  free  iodine  in  the  receiver  and  the  reduced  product 
in  the  flask  were  determined.  In  series  B  the  boiling  was 
carried  at  once  to  the  final  stage. 

From  these  results  it  is  apparent  that  the  degree  to  which 
vanadic  acid  may  be  reduced  by  hydrochloric  and  hydriodic 
acids  turns  upon  the  concentrations.  We  have  found  no  diflB- 
culty  in  carrying  the  reduction,  in  the  apparatus  described,  to 

*  To  the  point  when  the  vapor  of  iodine  had  disappeared  from  the  flask — 
approziniately  40*"'. 
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the  condition  of  the  trioxide  without  the  addition  of  phos- 
phoric acid.  In  fact,  the  presence  of  phosphoric  acid  may 
work  disadvantageously  when  low  volumes  are  reached  by  per- 
mitting a  dangerous  rise  of  temperature  in  the  still  liquid  resi- 
due. This  is  shown  in  the  following  series  of  experiments  in 
which  1  gm.  of  potassium  iodide,  2^'  of  syrupy  phosphoric 
acid  (sp.  gr.  1*70)  and  0*1  gm.  ammonium  vanadate  were 
treated,  the  initial  volume  being  60"°'. 


Table  V. 

In  01000  NH4VO, 

taken 

Rednction  flask 

Receiver 

Exp. 

Final 

V,04 

v,o. 

vol. 

As 

As 

As 

As 

gm. 
00699 

gm. 
00632 

cm*. 
85 

V,04 

00693 

v,o. 

V,04 

v,o, 

1 

0-0698 

2 

00699 

00632 

25 

00705 



0-0711 

8 

00699 

00682 

22 

0-0711 

00706 

4 

00699 

00632 

4 

•  •  •  • 

0-0606 



0-0628 

5 

0  0699 

0-0632 

2 

• 

00617 

6 

00699 

0-0632 

2 



00597 

0-0612 

7 

0-0699 

0  0632 

1-7 

•    •as 

00621 



00618 

8 

0  0699 

0  0632 

1-6 

<»    •  «   ^ 

* 

0-0624 

9 

0  0699 

00682 

1-4 

_  .  -  . 

00604 

.... 

0-0629 

These  Hgures  indicate  also  that  when  the  distillation  is 
continued  until  the  volume  is  about  35*™',  the  condition  of 
oxidation  corresponds  nearly  to  that  of  the  tetroxide.  When 
the  residue  is  concentrated  almost  to  dryness,  the  figures 
approach  the  value  for  the  trioxide,  but  under  the  conditions 
they  are  of  doubtful  value  ;  for,  fumes  of  hydriodic  acid  are 
visible  in  the  flask,  more  or  less  spattering  occurs,  and  the 
temperature  is  such  that  a  volatile  compound  of  vanadium 
begins  to  distil. 

In  summary  of  the  work  described  it  may  be  pointed  out 
that  in  the  interaction  of  hydrochloric,  hydrobromic,  and 
hydriodic  acids  upon  vanadic  acid  the  degree  to  which  the 
last  is  reduced  depends,  as  would  be  expected  in  reversible 
reactions,  upon  the  concentrations.  It  has  been  shown  that 
hydrochloric  acid  is  capable  of  carrying  the  reduction,  even  in 
the  cold,  to  the  condition  of  the  tetroxide,  and  under  none  of 
the  conditions  tried  does  reduction  ^o  further  :  that  hydro- 
bromic acid,  which  in  small  concentrations  gives  a  definite 
reduction  to  the  condition  of  the  tetroxide,  may  easily  push 
the  reduction  well  on  toward  the  condition  of  the  trioxide : 
that  the  reduction  by  hydriodic  acid  may  be  carried  at  will 
to  either  of  the  stages — that  of  the  trioxide  or  that  of  the 
tetroxide. 

*  Flask  broke. 
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Art.   V.  —  Develoiyment  of  some  Paleozoic  Bryozoa  / 

by  Edgar  Roscoe  Cumings. 

Introduction, 

The  development  of  Paleozoic  Bryozoa  has  np  to  the  present 
time  received  very  little  attention.  The  few  scattering  obser- 
vations of  Lindstrdm,**  Nicholson,"  Shriibsole,*'  Vine/^  and 
Ulrich/*  leave  tlie  knowledge  of  the  subject  practically  where 
it  was  at  the  outset.  Nicholson  devotes  a  chapter  to  a  discus- 
sion of  the  development  of  the  Monticuliporidae,  but  does  not 
go  further  than  a  criticism  of  the  views  of  Lindstrom,  in  regard 
to  the  supposed  ontogenetic  relationship  between  Monticulipora 
and  Ceramopoi'a,  Shrubsole's  notions  of  the  development  of 
Fenestella  are  entirely  erroneous,  those  of  Vine  are  but  little 
better,  while  Ulrich  concurs  with  Nicholson  in  rejecting  the 
views  of  Lindstrom. 

The  writer's  researches  during  the  past  year,  at  the  Yale 
University  Museum,  have  resulted  in  the  discovery  of  many 
unique  facts  bearing  upon  the  development  of  certain  Paleozoic 
and  recent  Bryozoa.  Although  this  investigation  is  still  in 
progress,  it  will  not  be  out  of  place  to  present  some  of  the 
results  thus  far  obtained,  reserving  the  details  for  monographic 
treatment  later. 

All  the  material  used  in  this  investigation  of  the  development 
of  FenesteUa,  Polypora^  UnHrypa^  IIemitryj)a^  Paleschara^ 
etc.,  belongs  to  the  collection  of  tlie  Yale  University  Museum. 
The  silicified  Lower  Ilelderberg  and  Hamilton  Bryozoa  w^ere 
especially  collected  by  Dr.  C.  E.  Beecher  with  reference  to  the 
study  of  the  stages  of  growth.  Dr.  Beecher  has  not  only  placed 
all  this  unique  material  at  tlie  writer's  disposal,  but  has  in  every 
possible  way  lent  his  aid  and  encouragement  to  the  work.  For 
this  aid,  as  well  as  for  his  profound  interest  in  the  difficult  and 
too  often  neglected  problems  of  paleobiology,  the  writer  is 
deeply  grateful. 

General. 

The  development  of  recent  Bryozoa  lias  been  studied  by  a  large 
number  of  observers,  among  whom  J.  Barrois,'*  Calvet,''*  Clapa- 
rede,"  Ilarmer,'"''  Joliet,^-*' '•  Metsehnikoff,'^'"  Ostroumoff," 
Pergens,"  Prouho,'"'-'*  Repiachoff,"-^"*  Seeliger,*"  Smitt,"  and 
Vigelius**  have  contributed  the  most  important  results  for  the 
presedeptary  stages;  and  Barrois,'  Nitsche,^"'"  Braem,''  Daven- 
port,^' "and  Harmer,"'  "*  for  the  early  budding  stages  of  the  col- 
ony. While  the  latter  are  necessarily  the  only  ones  ever  preserved 
as  fossils,  a  brief  review  of  the  earlier  development  will  help  to 
make  the  discussion  of  the  later  much  more  intelligible. 

Am.  Joub.  Sci. — Fourth  Series,  Vol.  XVII,  No.  97 —January,  1904. 
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The  now  generally  accepted  elaseification  of  the  stages  of 

frowth  and  decline,  proposed  by  Alpheus  Hyatt,"  has  never 
een  consistently  applied  to  a  colonial  organism,  such  as  are  the 
Corals  and  Bryozoa,  nor  to  one  whose  ontogeny  presents  the  retro- 
grade metamorphosis  which  characterizes  the  latter  class.  It 
must  be  borne  in  mind  that  a  colony  or  stock  composed  of  a  num- 
ber of  individuals  may  be  properly  characterized  as  nepionic, 
while  some  of  the  individuals  composing  it  are  in  reality  mature, 
senile,  or  even  dead.  The  nomenclature  of  Hyatt  applies  solely 
to  an  individual  developing  from  an  ovum,  that  is,  m  the  case 
of  the  Bryozoa,  to  the  fiTst  individual  of  the  colony.  It  fol- 
lows, therefore,  that  before  the  colony  has  reached  a  stage  in 
which  its  genus  or  even  its  family  is  recognizable,  the  first 
zocecium,  which  the  author  here  proposes  to  designate  as  the 
protcecium^  has  become  mature  (ephebic).  The  colony  would 
thus  be  pliylembrvonicjt  while  the  protoecium  is  ephebic. 
Probably  no  confusion  would  arise  from  this  source,  if  the  exact 
sense  in  which  these  terms  are  used  in  a  specific  case,  whether 
as  applying  to  the  individual  or  to  the  colony,  were  distinctly 
stated.  Since  the  development  of  a  bud  presents  no  parallel 
with  the  early  stages  in  the  development  or  an  individual  from 
an  ovum,  there  can  be  no  confusion  of  terms  up  to  and  includ- 
ing the  typembryo.  It  will  be  convenient,  therefore,  to  have 
for  the  growth  stages  of  a  colony  a  nomenclature  which  entirely 
avoids  the  confusion  attending  the  use  of  the  t^rms  nepionic, 
neanic,  etc.  Hence,  the  writer  would  submit  the  following  set 
of  terms,  composed  of  the  appropriate  age-indicating  word,  as 
above,  combined  with  the  Greek  word  aax^j  {asty\  a  town  or 
assemblage  of  dwellings :  thus,  nepiasty^  neanasty^  ephebaMy^ 
and  (jerontasty^  meaning  an  infant,  adolescent,  mature,  or 
senile  colony;  and  ncplantic^  neanaHtic^  ephehastie^  and 
gerafitasticy  the  corresponding  adjectives. 

Description  of  Figures  1-15. 

Figures  1-15. — Development  of  a  Chilostomatous  Bryozoan,  Schizoporella 
unicornis.     (After  Barrois.) 

1.  Mesembryo ;  2.  Metembryo ;  8-5.  Formation  of  the  endoderm): :  6,  7. 
Intermediate  stages  in  the  formation  of  the  free-swimming  larva  ;  8.  Normal 
larva;  0.  Evagination  of  the  adhesive  organ;  10.  Reversal  of  the  mantle; 
11-14.  Degeneration  of  the  larval  organs  during  the  first  sedentary  stages; 
15.   First  appearance  of  the  polypide  stage  corresponding  to  fig.  26. 

c,  coronal  cells;  bl,  bhistoix  )re ;  end,  mes,  endoderm  ;  >*,  retractile  disc; 
»,  ap^  adhesive  organ  (adhesive  plate);  f//,  py,  pyriform  organ;  r.in,  rudi- 
ment of  polypide  :  jwt,  polypide  (double  vesicle  stage  of  Calvet***). 

All  figures  x  110. 

*From  TTpuToc,  first,  and  otKior,  house  or  abode.  t  J*<J^^*n.'^ 

t  The  investigations  of  Calvet'"*  have  disproven  the  views  of  Barrois 
regarding  ihe  differentiation  of  the  endoderm  and  mesoderm  and  the  fate  of 
the  part  marked  r,px  in  the  figures.  Nevertheless  his  figures  present  the  gen- 
eral course  of  development  with  such  clearness  that  it  has  seemed  best  to 
reproduce  them  and  call  attention  to  the  points  which  lack  faU  confirmatioQ. 
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(For  de«cription  see  precedinft  paRe.i 
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I.   Clatsification  of  the  Stages  of  Orototh. 
Embryonic  Stages. 

The  protembryo  includes  the  ovum  and  its  segmented  stages 
np  to  tlie  formation  of  tlio  blastula.  Cleavage  is  total  and 
almost  equal  (Korschelt  and  Qeider").  The  animal  and  vege- 
tative poles  can  tie  diBtinguished  \>y  a  slight  difierenco  iu  the 
size  of  their  respective  blastonieres. 

The  mesenihi-yo  (blastnla)  (fig.  1)  is  of  lenticular  shape,  with 
a  fair-sized  cleavage  cavity. 

The  meteiiibi'yo  (gastrula)  (figs.  2,  3)  is  formed  by  the  ingres- 
sion  of  four  endodenn  celle.  The  coronal  cells  are  defined  at 
this  stage  (c,  fig.  2)  and  later  become  very  conspicuous.  The 
four  endoderm  cells  multiply  so  as  to  completely  till  the 
blastocoele.  thus  forming  a  plannla. 

The  iteoemhryo  {tigs,  4-8  and  17-25)  includes  the  stages  from 
the  fonnation  of  the  planula  U>  the  completed  free^wimming 
larva  (fig.  8).  During  these  stages  the  cndodermal  cells  maltiply, 
according  to  Barrois'  differentiating  into  endoderm  and  mcsso- 


FiauRKB  Itt-lU. — Early  cmbryon  Btaj,es  of  a  C  oloslo  uatous  Bryoioan, 
Pkaluii(ii:lla  (=Tiilnilij,ni-a).     (After  Barr    H  ) 

16,  Ui^tembrj-o  (iisendublnstala  1  18  19  (Psea  logastrula)  in\afi^aii- 
tioii  of  the  Bilhenivt  organ  ;  stag^H  c  rrf  &[  oad  ng  to  fi^n   I!  aud  " 

or,  oral  rt-gion  ;  (.',  invagliiutio      »    t 

Fignre  IH  x  80U  ;  fignri.'S  I     19  x  100 

derm*  (figs.4,  5).  The  celK  of  the  toioi  a  mtrease  m  size  and 
iKtcuiiiC  covered  with  cilia,  a  disdike  thickening  I  eaiing  otiff 
seta",  tlie  retractile  dine,  develops  in  the  aliorai  lialf.  This  is 
encircled  by  a  depression, — the  manttc  cavity.  An  invagination 
develops  in  the  poisterior  portion  of  the  aborai  half,  to  foriii  the 
sucker,  or  adhesive  organ  («/').  An  alimentary  canal  may 
develop  at  this  stage  in  soinc  tvpes  of  larvie  (see  tigs,  31-35 
and  '22,  :i5). 

The  iyiicmliryo  (figs,  it,  1(1)  is  formed  by  the  Dvagination  of 
the  adhcirive  orgiin  luid  revert-al  of  the  mantle  (fig,  10). 
This  gives  rise  to  the  first  sedentary  stage,  which  is  passed 
thrcmgh  with  great  nipidity,  and  is  immediately  succeeded  by  a 
complicated  metamorpliosis  involving  the  degeneration  of  most 
of  the  larval  organs. 

•  This  has  not  been  obaerred  by  other  workers. 
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This  metamorpboeis,  or  kathemhryonio*  Btage,  is  not  preeeot 
n  those  oi^niems  which  pass  directly  from  the  larval  to  the 


,   adhesive 


Figures  20-25. — Further  stages  id   the  fonuatioo  of  the  free-awimming 
larva  o(  Phalangella  i=TKbulipora).     (After  Bitrmis.) 

34  and  25.  Optical  sectiuns  of  '21  and  32  resptctiveiy ;  23.  Begianing  of 
formation  of  the  mantle  ;  33  and  35.  Coropleted  larva. 

or,  oral  region ;  C,  invagination  cavity  of  adhesii 
organ  (aneker);  cm,  mantle  cavity;  in,  mantle. 

Fig.  35  is  modified  from  Barrois'  original  figure,  in  ac^cordaoce  with  his 
later  viewa. 

AU  figares  x  160. 

*  mrd,  in  the  aeiute  of  opposition  o 
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adalt  type  of  Btnictnre  (Brachiopoda,  Mollusca,  etc.)-  The 
term  is  here  proposed  to  cover  the  complicated  degeneratiTe 
metamorphosiB  of  the  Ectoproctous  Bryozoa  (tif^.  11—15  and 
26).  During  this  stage  the  luargin  of  the  reversed  mantle 
fasee  with  tne  margin  of  the  extended  and  flattened  adhesive 

filate,  and  tlie  corona,  pyriform  organ,  and  Urval  intestine 
where  present)  degenerate,  forming  a  mass  known  as  the  brown 
body.     The  secretion  of  the  ectocyst  begins  at  this  stage.     The 


FiouHES  28-30. — Formation  of  the  polypide  and  protoscmm  In  i^atan- 
gtUa{~Tubtilipoi-a).     (After  Bttrrois.) 

26.  An  early  sedentary  stage,  hhowinR  mdiment  of  polypide ;  27.  Beginning 
of  tentacles  and  first  zotecinm  (proto^ium) ;  38-30.  Formation  of  first  maCnre 
individual  and  primary  bnds,  li  and  Ii. 

pol,  polypide;  (ii,  tentacleHi  0.  Rlobules  formed  by  degeneration  of  larval 
organe ;  R,  rectnm ;  :,  zuueuium ;  b,  b,  primary  buda ;  bd,  basal  ijiic. 

Fibres  26-20  x.lS;  Bgure  30  x40, 

retractile  disc  is  invagiTiatefi,  and  becomes  the  rudiment  of  the 
future  polypide.* 

The  pkijUmhryo  (tig.  37)  is  cliaraeterized  by  the  first  appear- 
ance of  the  lophophore,  tlie  Hceretioii  in  most  types  of  a  clutinouB 
or  calcareous  investment,  iind  the  origin  of  tlie  true  alimentary 
canal.  This  is  the  earliest  stage  capable  of  fossil ization.  It 
closes  witli  the  origin  of  the  prirtinry  buds,  Tiiis  first  zocecJimi 
of  the  colony  is  called  the  protuvivtii,  or  priniai'y  dwelling, 
Tiie  teriri  protivciinti,  therefore,  will  not  be  exactly   cognate 

♦  Aiicording  tnBiirTois-  a  pnired  organ  (r,<-x.  figH.  8-14)  Bhares  in  the  forma- 
tion of  the  polypide.  On  thia  subject,  see  Ostronmoff,-'  VigelioB,"  Calvet,'* 
andPronho"  fora  different  view.  See  alrni  tbeinttrpretalion  of  the  metAmor. 
pilosis  given  by  Harmer"  and  Sedgwick." 
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with  the  teriuE  protegtdum,  protoconch,  protaspis,  etc.,  as 
applied  to  the  Brschiopoda,  Ceplmlopoda,  ana  Trilobita, 
respectively;  for  the  latter  terms  signify  the  initial  shell  or 
covering  of  the  individual  and  are  not  concerned  with  the 
adnlt,  while  the  protoeciuin  is  the  initial  soteoium  of  the  col- 
ony and  belongs  to  all  growth  stages  of  the  initial  polypide  later 
than  the  katheuibryo.  From  the  standpoint  of  the  colony  the 
stage  represented  by  the  protoecinm  is  phylastic  (tigs.  27-30). 


FiocKES  8I-S6.— Tjpea  of  free-swimminfc  laTvie.  iFlgaree  81,  82,  34,  SS, 
after  BalToU;  figare  33,  from  KorsclieU  and  Haider,  after  Barroia.) 

31.  I^rva  of  Alcyonidium,  a  type  which  develops  an  alimentary  canal; 
32.  Larvaof  Loxoionia,'  33,  Larvaof  SeriaJni'in,  veaieularian  tj'pe  ;  S4.  L^rva 
of  Btigula,  inteatineleBa  Chilostomatons  type;  S^>.  I..arva  of  the  Cyphonarttea 
{Mnnbranipom). 

r,  retractile  disc ;  p  and  "i,  mantle  cavity ;  r,  curonal  cells ;  o  and  py,  pyri- 
form  organ ;  s,  adhesive  oi^an  (auckerf ;  gl.  ^landalar  organ ;  at,  stomach  ; 
R,  rectum ;  ct,  cesophagns. 

Figure  31   xlOO;  Bgore  32  xllB;  figare  33  «120;  figure  M  xl33;  figure 


The  early  development  of  the  Oyclostomata  presents  some 
pecaliarities  that  led  Barrois'  to  mistake  the  tnetembryo  (tig,  16) 
for  a  momla,  and  the  early  stages  of  the  invagination  of  the 
adhesive  organ  (figs.  17-19)  for  a  gastriila.  This  mistake  Las  been 
repeated  in  a  recent  memoir  on  fossil  Bryozoa.  The  develop- 
ment of  the  Oyclostomata,  as  pointed  out  later  by  Barrois,' 
OstroumofE,"  and  others,  quite  closely  parallels  the  develop- 
ment of  the  Chilostomata.     The   metamorphosis   is   similar. 
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Fig.  25  has  been  modified  from  Barrois'  original  figure  in 
accordance  with  his  later  views/  The  differences  in  the 
development  of  the  Cyclostomata  and  Chilostomata  consist 
mainly  in  the  small  size  of  the  adhesive  organ  in  the  former, 
and  the  great  size  of  the  sucker  invagination,  together  with  the 
vestigial  condition  of  the  retractile  disc  and  absence  of  the 
pyriform  organ.  The  cylindrical  shape  of  the  Cydostorae  larva 
18  paralleled  among  the  Chilostomata  by  Sericdaria  (fig.  33). 

Classification  of  the   Growth  Stages  of  the   Colony, 

The  phylastic  stage  has  already  been  alluded  to.  This  is  tlie 
earliest  stage  capable  of  fossilization.  It  represents  the  period 
from  the  first  appearance  of  a  hard  exoskeleton  to  the  comple- 
tion of  the  protoecium.  In  the  Bryozoa,  as  pointed  out  by 
Barrois/  the  exotheca  at  first  differs  considerably  in  appearance 
and  texture  from  the  more  compact  investment  of  later  stages. 
The  buds  of  the  next  generation  (primary  buds)  originate  at 
or  slightly  before  the  close  of  this  stage.  The  protoecium 
frequently  resembles  the  later  formed  zooecia  of  ancestral  tvpes 
(Nitsche,"  Per^ens"). 

The  nepiastie  stage  is  taken  to  represent  the  period  from  the 
formation  of  the  primary  buds,  i,  ^.,  those  buds  which  are  given 
off  by  the  protoecium,  to  the  establishment  of  the  definite  bud- 
ding habit  of  the  colony.  The  researches  of  Nitsche,**  Per- 
gens,"  and  others,  have  shown  that  tlie  early  budding  habit 
frequently  differs  considerably  from  the  later  or  normal  habit 
of  the  colony,  and  more  nearly  resembles  that  of  ancestral  types. 
This  stage  may  be  conveniently  subdivided  into  ana-,  meta-  and 
paranepiastic  substages.  The  first,  or  ana-stage,  will  include 
the  protoecium  and  completed  primary  buds.  The  meta-stage 
marks  the  ternunation  of  encrusting  growth  in  forms  that  pro- 
duce erect  zoaria.  The  initial  circle  of  buds  in  Fenestdla 
belongs  to  this  stage.  The  para-stage  comprises  the  transition 
from  the  latter  to  tlie  neanastic  stage. 

Figs.  36-4:3  show  the  primary  buds  of  several  types  of 
recent  Bryozoa.  It  will  be  noticed  that  in  every  case  the  first 
formed  buds  are  lateral^  ai;d  that  a  median  bud  may  or  may 
not  be  ])re8ent.  It  is  also  noteworthy  that  onlv  one  of  these 
eight  types  has  more  than  three  primarv  buds.  The  CuphonautM^ 
fig.  3s,  has  six,  an  altogether  exceptional  number.* 

*  Tilt'  ohLt  of  budding  is  indicated  by  tlie  Hinan  Arabic  numerals,  and  the 
generation  of  a  given  bud  bv  the  Roman  numerals.  1.  indicates  the  median 
bud  ;  2,  the  left  lateral ;  and  8,  the  riu:hl  lateral  bud.  In  the  case  of  bads  of 
succeeding  generations  the  ])osition  number  of  each  preceding  generation  is 
affixed  to  each  bud.  so  that  its  entire  ancestry  is  thereby  expressed.  For  exam- 
l)le,  in  fig.  81).  bud  No.  lVss;:«2  is  of  tlu'  fourth  generation  and  was  derired 
from  the  right  lateral  primarv  bud  thr<jugh  the  left  lateral  of  the  second  gen- 
eration, and  the  right  lateral  of  the  third  generation.    Where  the  same  position 
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Figures  38-43. — Typesofbaddiog  from  the  prota'Ciniii,  (Fignre  38,  after 
Davenport;  fit^ren  37-43,  after  Batroia.j  Prutueciiiiu  marked  hy  star. 
Order  of  buddiag  indicated  by  Romna  and  Arabic  aameralB. 

38.  Lepralia  ;  87.  Aleyonidium  ;  38.  CaphoaatiffX  {Flunhi-llii) ;  39.  Sekizo- 
porrlla;   40.  Microporrlla  ;  41.  BHguln;  43.  Membratiipora:  4.1.  Tabutipora. 

Figure  38  x31  ;  fignre  87  xS5;  Bgure  38  x30^  figure  39  x30;  ligaro 
40  X  25 ;  figure  41  x  10 ;  flgiire  43  x  20 ;  figure  43  x  20. 

aambet  ia  repeated  conseciitivel}'  an  exponent  is  written  to  it ;  thus,  in  fig, 
43,  IIIi*  means  Illiia,  i.  e..  a  bad  of  the  tliird  generation  derived  from  the 
right  lateral  primary  bnd  throagh  the  right  lateral  of  the  aecuiid  ){eneration. 
With  Blight  modification  this  nomenclatnre  woald  be  equally  applicable  to 
tli«  corals,  or  any  other  colonial  type  of  organism. 
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In  many  cases,  as  in  Alcyonidium  (fig.  37),  Schizaporella 
(fig.  39),  Lepralia  (fig.  36),  and  Bumda  (fig.  41),  one  of  the 
lateral  primary  buds  is  suppressed.  W  here  but  one  of  the  lateral 
buds  develops,  it  may  be  the  right  or  left  indifferently,  as  in 
Alcyonidium  (Barrois*);  or  the  right  almost  invariably,  as  in 
Sckizoporella,  In  Schizoporella  the  left  lateral  is  sometimes 
normally  developed,  but  more  often  exists  as  a  vestige  or  is 
totally  lacking.  Both  lateral  buds  are,  according  to  Barrois, 
never  present  together  in  Alcyonidium^  but  the  indifferent  posi- 
tion of  the  lateral  bud  indicates  that  the  plan  is  fundamentally 
tliat  of  two  lateral  buds.  In  Tubulipora^  according  to  Barrois' 
interpretation,  Is  (fig.  43)  would  be  derived  from  Is  ;  but  from 
the  analogy  of  other  Cyclostomata,*  and  from  a  careful  study  of 
Barrois'  figures,  the  writer  is  disposed  to  consider  Is  and  Is  as 
in  reality  representing  the  two  lateral  buds.  It  will  be  seen 
later  to  what  extent  tbe  development  of  two  lateral  buds  from 
the  protoecium  prevails  among  all  types  of  Ectoproctous  Bry- 
ozoa.     The  ananepiastic  stage  is  quite  similar  for  all. 


IL     Development  of  FeneateUa, 
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Figures  44-46. — Primary  biiddinp:  staj^es  of  Fenestella  corouis  from  the 
Lower  Heklerberg  (Shaly)  limestones  of  Indian  ladder,  New  York. 

45.  Top  figure,  prot(ifcium  (*)  and  one  lateral  bad  (I) ;  middle  figure,  pro- 
tipcinm  (*),  one  lateral  bud  and  beginning  of  another  (1,  I):  lower  figure, 
prot(«cium  (*)  and  two  lateral  buds  (I,  1) ;  44.  Protoecium  (*),  two  lateral 
budw  (la,  Is)  and  two  buds  of  the  second  generati(ai  (II^  and  lis)  arising  fi*om 
I,  and  I,  ;  40.  Protcpcium  (*)and  buds  of  the  1st  (li,  lu,  1 3),  2d  (11,,  II,,  II,,), 
3d  (IIIo,  III,)  and  4th  generations  (IV.„  IV,). 

All  figures  x  45. 

*  Hanner"  has  shown  that  two  sister  buds  are  thus  derived  from  the  pro- 
toecium in  Lichenopora. 
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The  neandstic  stage  begins  with  the  assuraption  of  the  habit 
f  budding  that  is  to  characterize  the  adult  colony.  In  some 
ases  {Memh^anipora^  Bugula^  Alcyonidium)  this  takes 
►lace  very  early,  the  meta-  and  paranepiastic  stages  being 
;reatly  abbreviated  or  entirely  lacking.  .  In  other  cases  {Fenes- 
elld)  the  adult  habit  of  growth  is  frequently  not  suggested 
intil  as  many  as  fifty  or  sixty  buds  have  been  produced.  The 
leanastic  stage  terminates  with  the  development  of  an  adult 
olony. 

The  ephebastic  and  gerantastic  stages  refer,  as  in  other 
•rganisms,  to  fully  adult  and  senile  growths.  The  latter,  espe- 
ially,  is  marked  by  the  extinction  of  the  earlier  polypides  of 
he  colony  and  frequently  by  profuse  deposits  of  secondary 
derenchyma,  as  well  as  by  other  more  or  less  extensive  modid- 
'^tions  affecting  the  basal  portion  of  the  zoarium. 

Phylastic  Stage. 

The  youngest  observed  specimens  of  Fenestella  consist  of 
ninute  globular  bodies  (tig.  45)  of  a  diameter  of  about  O'l"™, 
•ound  upon  the  zoaria  of  Orthopora^  Callopora^  and  other 
Bryozoa  of  the  Lower  Helderberg  (Shaly)  limestone  of  Indian 
Ladder,  N.  Y.  These  minute  bodies  represent  protoecia,  and 
aave  a  definite  aperture,  but  if  the  vestibule  ever  existed  it 
las  been  broken  away.  That  they  are  the  protoecia  of  Fenee- 
^£Ua  is  proved  by  their  size  relative  to  the  zooecia  of  adult  col- 
)nies  01  that  genus,  and  by  the  very  complete  series  (tigs.  44- 
^6)  of  connecting  stages,  as  well  as  by  th6  presence  of  similar 
todies  on  the  bases  of  adult  Fenestella  colonies.  The  young- 
est individual  figured  (tig.  45,  top)  has  already  developed  one 
ateral  bud.  The  protoecium  may  frequently  be  recognized  by 
ts  large  size  and  signiticant  position  in  the  circle  of  zooecia 
)ften  to  be  seen  on  the  base  of  well-preserved  zoaria ;  it  can 
>e  identified  in  transverse  sections  cutting  the  initial  region  of 
:he  colony,  and  especially  in  transverse  serial  sections  of  this 
•egion.  Its  exact  relation  to  the  primary  buds  has  been 
•epeatedly  demonstrated  in  serial  sections  of  exceptionally  pre- 
served calcified  material.  Tlie  evidence  bearing  on  this  point 
ivill  be  presented  in  a  later  paper. 

Nepiastic  Stages. 

Ananepiastic  Stage. — The  initiation  of  this  most  interesting 
md  significant  stage  in  Fenestella  conforms  to  the  general 
jlan  that  obtains  throughout  the  Ectoprocta.  It  consists  in 
he  formation  of  two  lateral  buds  (figs.  44-46,  I2,  Is)  and  later 
)f  a  median  bud  (fig.  46,  Ii).  This  order  of  budding  has  been 
verified  in  numerous  specimens  of  Fenestella  from  widely  sep- 
arated horizons  and  localities.     The  lateral  buds  originate  in 
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luch  a  position  as  to  give  a  backward  trend  or  deflection  to 
mbsequent  budding,  thereby  giving  rise  to  a  liippocrepian  (fig. 
1:6)  and  later  to  a  circular  aggregation  of  buds  (initial  circle, 
netanepiastic  stage,  figs.  47-51)  in  which  the  protoecium  occu- 
)ies  one  end  of  a  diameter,  and  tlie  last  formed  bud  of  the 
drele,  the  other.  The  median  primary  bud  arises  from  the  top 
rf  the  protoecium  considerably  later  than  the  lateral  buds,  L  ^., 
Lt  about  the  time  of  completion  of  the  initial  circle.  It  forms 
he  first  individual  of  the  second  tier  of  buds,  which  lie  sym- 
netrically  above  the  first  tier. 

Metanepiastic  Stage, — In  Fenestella  this  stage  consists  of 
;he  completed  initial  circle  of  zooecia.  It  has  been  seen  that 
he  ananepiastic  stage  trespasses  on  it  to  the  extent  that  the 
nedian  bud  does  not  arise  till  near  the  completion  of  this 
nitial  circle.  It  constitutes  an  incrusting  growth  formed  by 
)udding  in  a  horizontal  plane,  from  which  the  adult  colony 
irises  by  budding  in  vertical  planes.  Typically  it  consists  of 
en  zocecia  including  the  protoecium,  but  there  is  considerable 
rariation  from  this  nuntber  even  within  the  limits  of  a  single 
pecies,  so  that  initial  circles  of  eight,  twelve,  or  fourteen 
;ooeeia  are  not  uncommon,  while  in  a  })eeuliarly  accelerated 
'orm  found  at  Thedford,  Ontario,  only  five  of  the  typical 
lumber  develop.  In  the  latter,  circles  containing  ten  zooecia 
trise  only  after  several  generations  of  zooecia  have  been  pro- 
luced  in  vertical  series.  Such  a  zoarium  is  shown  in  fig.  55. 
The  full  discussion  of  this  type  of  zoaria  is  deferred  to  a  latei* 
ime. 

In  certain  cases  the  initial  circle  is  arrested  at  a  liippocrepian 
•r  semicircular  stage,  either  because  the  full  number  of  zooecia 
ails  to  develop,  or  because  the  trend  of  the  budding  produces 
oo  great  a  divergence  of  the  series  of  buds  to  the  right  and 
eft  of  the  protoecium.  From  a  metanepiasty  of  this  type,  a 
labellate  zoarium  will  arise,  unless  subsequent  growtli  is  of  such 
nature  as  to  bring  the  lateral  margins  of  the  zoarium  together. 

nDescription  of  Figures  47-54. 

Figures  47-54. — Early  stages  in  the  development  of  Fenestella  from  the 
[amilton  Umestone  of  Canandaigua  Lake,  N.  Y.  (47-50,  5J^54),  and  the 
lOwer  Helderberg  limestone  of  Indian  Ladder,  N.  Y.  (51,  52). 

47-50.  Top  and  side  views  of  a  young  Fenestella  slightly  older  than  the 
idividnal  shown  in  fig.  46.  Initial  circle  of  zoopcia  complete  and  walls  of 
eighboring  zooecia  fused  more  completely  than  in  46.  This  specimen  has 
m  (the  typical  number)  zooecia.  The  origin  of  tlie  primary  carinas  is  shown 
t  a  to/.  61.  Another  specimen  at  about  the  same  stage  as  47,  primary 
ftiiiUB  a  to  d.  Each  of  the  pits,  a'  to  d\  corresponds  to  two  zooecia ;  a  faint 
sptnm  may  be  seen  bisecting  d'.  The  depressions  in  the  basal  plate  (1  to  8) 
lark  the  position  and  limits  of  the  exserted  polypides.  52.  Stage  somewhat 
Ider  than  51,  showing  first  branching  of  primary  carina  (d),  d^)  and  three 
lers  of  zooecia  (a,  z,  z^  Zj  z,  z).  Note  the  great  size  and  prominence  of  the 
KrinflB.     53,  54.  Another  individual  of  the  same  age  as  47. 

All  figures  x  40. 
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rare  instances  the  initially  flabellate  zoarium  curves  in  tlie 
rerse  sense  and  by  fusion  of  tlie  meeting  edges  forms  an 
fundibular  colony  which  has  literally  been  turned  inside  out. 
ich  zoarial  modifications  have  given  rise  to  the  maximum  of 
nfusion  in  the  placing  of  species  and  genera  of  fenestrate 
•yozoa,  because  in  the  adult  colony  lacking  the  base  (as  is 
Host  invariably  the  case),  the  fundamental  plan  of  budding 
entirely  obscured. 

The  carinae  originate  during  the  metanepiastic  stage. 
Paranepiastic  Stage. — Successive  tiers  of  zooecia  are  added 
ove  the  initial  circle  until  a  cylindrical  stem  is  formed  which 
nstitutes  the  stalklike  base  oi  the  adult  cone.  The  parane- 
astic  stage  may  be  greatly  abbreviated  where  the  cone 
pands  almost  from  the  first  circle  of  zooecia,  or  it  may  be 
olonged  to  five  or  six  tiers  of  zooecia  (fig.  65).  If  such  a 
lindrical  stalk  is  conceived  of  as  slit  longitudinally  down  the 
le  diametrically  opposite  the  protoecium  and  unrolled  and  flat- 
ned  out,  it  will  be  seen  that  the  protoecium  lies  at  the  base  of 
vertical  series  of  zooecia  from  which  lateral  branches  are 
ven  off  on  either  side.  In  other  words,  the  budding  follows 
avenport's  law  that  the  median  bud  continues  the  ancestral 
•w.  It  is  not  certain,  however,  that  any  iinporta'nce  is  to  be 
tached  to  this  law. 

Near  the  close  of  the  paranepiastic  stage  the  axis  of  the 
►arium  thickens  preparatory  to  the  expansion  of  the  cone, 
his  is  well  shown  in  figs.  55  and  56  (longitudinal  sections) 
id  tigs.  58  and  62  (transv^erse  sections)  of  specimens  from  the 
ami! ton  of  Thedford,  Ontario.  The  thickened  axis  {ax)  is 
imposed  of  an  outer  wall  continuous  with  the  proper  wall  of 
le  carinae,  and  an  inner  dense  deposit  of  punctate  scleren- 
lyma.  The  section  shown  in  fig.  60  cuts  just  at  the  top  of 
lis  thickened  axis. 

Description  op  Figures  55-60. 

Figures  55-80. — Longitudinal  and   transverse  sections  of  bases  of    Fen- 
tella  from  the  Hamilton  formation  of  Thedford,  Ontario. 
55.  Section  of  a  Fenestella  base  cutting  exactly  in  the  plane  of  the  axis 
id  of  the  zooecial  apertures  to  the  right  (1  to  10).     The  initial  zocecium  (pro- 
scinm)  is  at  o  ;  the  thickening  of  the  axis  {ax)  commences  at  b'  ;  the  apex 

the  cone  of  expansion  of  the  colony  is  at  p ;  the  vesicular  tissue  (c') 
K>Te  p  is  of  secondary  origin,  forming  during  the  mature  and  senile  life  of 
le  colony.  Fig.  56  shows  the  thickening  of  the  axis,  and  oblique  direc- 
9n  of  the  zooecia,  but  does  not  cut  through  the  zooecial  apertures.  57. 
ransrerse  section  through  the  initial  region  of  another  individual  (about  in 
le  plane  of  1,  fig.  55);  a-«,  primary  carinas;  1  to  10,  primary  row  of 
KBcia.  58.  Transverse  section  through  the  thickened  portion  of  the  axis 
boat  in  the  plane  of  oar,  fig.  55)  of  another  individual;  a-e,  primary 
krinae  (see  also  fig.  62).  59.  Transverse  section  in  the  plane  of  c',  fig. 
Sj  showing  nine  carinse.  60.  Transverse  section  in  the  plane  of  p,  fig. 
>,  showing,  in  the  lower  portion  of  the  figure,  a  carina  just  in  process  of 
ranching. 

All  figures  x  13. 
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Morphology  of  the  CarincB. — The  primarjf  cannee  first  make 
their  appearance  in  the  metanepiafitic  etage,  and  are  intimately 
related  to  tlie  basal  plate  (tigB.  47-54).  In  fact  tlie  carina 
seems  to  originate  as  an  upgrowth  or  fold  of  the  basal  plate. 
It  is  structurally  double  or  more  properly  triple  (figs.  57-62), 
consisting  of  a  thin  median  plate  or  wall  continuous  with  the 
axial  wall  {w)  and  coinciding  with  planes  of  division  between 
adjacent  zocecia ;  and  on  either  side  an  outer  layer  of  dense, 
punctate  sclerenchyina.  This  median  or  proper  wall,  as  it 
approaches  the  axis,  becomes  extremely  thin,  and  is  therefore 
apt  to  be  destroyed,  a  fact  that  will  account  for  the  hiatus 
between  d  and  f  and  the  stalk  of  the  zoarium  in  figs.  48  and  49. 
In  early  stages  the  carinse  are  discrete,  except  near  their  junc- 
tion with  the  basal  plate,  where  they  coalesce  with  the 
upturned  rim  of  the  latter  (figs,  47,  51);  but  in  ephebastic 
and  gerontastic  stages  the  earlier  formed  zocecia  become 
entirely  submerged  in  a  copious  deposit  of  secondary  sclereri- 
chyma,  which  bridges  adjacent  carinse,  and  gives  a  perfectly 
smooth  cvlindrical  aspect  to  the  stalk  of  the  colony  {cf. 
52,  58  and  '""' 


FlouRKKfll.  (13.— Tmiis verse  seftiinimif  bane  of  JV^ifufe/Za  from  tbe  Haroil- 
lou  foriiinlion  of  Thedtcr'l,  Ontario.  01.  TranHveree  settion  in  tbe  plane 
of  ii',  fiji.  SS.  whowiiiK  the  preMtncn  uf  five  priiimrj  carinfe  aud  ten  zixpcia. 
The  heavy  external  wall  jniiiiuK  (i.  b.  t\  d,  •;  is  ot  seeondary  origiTi, 
In  Burly  stiijieH  thecariuii'  a.b,  c,  rf.  r.  are  cliBerete.  The  axis.  o.r.  ban  a  well- 
deliDL'd  wall,  <i',  cuntiniU'iis  witb  tbe  priuiaTy  axeH  uf  tbe  carime.  B2. 
Same  section  as  HK'  ''ill— aiial  prirtiijii  xbiiwiug  nxiul  whII.  h\  and  itfleontiuiu- 
tioD  HB  the  axes  or  midribs  uf  tb.'  carinn- ;  o-r,  i-nrinip  ;  1-10,  z(Ki>cia. 

Fignie6t  x23;  li(("re  O'J  x;!l. 

The  heiglit  of  the  canniw,  breadth  of  the  basal  plate,  and 
position  and  extent  of  the  secondary  deposits  arc  sharply 
defined  by  the  limits  of  action  of  the  e.\serted  polypides. 
The  circular  or  semioircular  depressions  frequently  seen  in  tbe 
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basal  plate  opposite  the  aperture  of  each  zocecium  indicate  very 
clearly  the  radius  of  action  of  each  corresponding  polypide 
(tigs.  47,  51,  53,  54).  It  will  be  seen  at  once  that  the  carinsB, 
without  interfering  noticeably  with  the  movements  of  the 
exserted  polypides,  afford  a  very  efficient  means  of  protection 
against  tne  snipping  off,  by  some  obnoxious  visitor,  of  the 
tentacles  of  the  polypides.  That  the  danger  of  such  rude 
treatment  is  by  no  means  imaginary  is  abundantly  proved  by 
the  fact  that  recent  Bryozoa  are  frequently  found  with  their 
tentacles  lost  or  in  various  stages  of  regeneration.  The  carinse 
also  function  as  strengthening  structures,  especially  in  the 
basal  portion  of  the  zoarium,  and  may,  by  secondary  deposits 
during  later  growth  stages  of  the  colony,  be  greatly  increased 
in  height  and  breadth.  The  completed  nepiastic  stage,  with 
its  strong  carinse,  is  strikingly  suggestive,  both  in  external 
appearance  and  in  sections,  of  a  segment  of  Arthrodema, 
(Cf.  the  axial  region  of  lig.  55  with  fig.  83,  left.) 

JVea?iastic  Stage, 

This  stage  begins  with  the  assumption  of  the  conical  habit 
of  growth.  A  plane  passing  through  the  apex  of  the  cone  ( o, 
figs.  55  and  56),  therefore,  separates  tlie  nepiastic  from  the 
neanastic  region  of  the  zoarium.  Fig.  52  shows  a  FenesteUa 
just  entering  upon  the  neanastic  stage.  The  nepiastic  stage  in 
this  individual  comprises  three  tiers  of  zooecia  or  thirty  zocecia 
in  all,  including  the  protoecium.  The  first  branching  of  one 
of  the  primary  carinae  is  shown  at  rfi,  d^.  Fig.  60  shows  the 
same  phenomenon  in  transvprsc  section.  Fig.  59  shows  a 
transverse  section  cutting  the  neanastic  region  of  a  slightly 
smaller  zoarium,  at  a  somewhat  higher  level.  The  vesicular 
tissue  occupying  the  apex  of  the  cone  is  of  altogether  second- 
ary origin.  It  is  deposited  mainly  during  the  gerontastic 
stages. 

It  will  be  noticed  that  the  zooecia  of  FenesteUa  lie  always  on 
the  outside  of  the  expanding  cone,  «.  ^.,  they  face  away  from 
the  axis  of  the  zoarium.  It  is  also  evident  that  this  habit  of 
growth  is  impressed  upon  the  zoarium  from  the  very  outset. 
In  any  case  where  the  initial  circle  of  zooecia  (metanepiasty)  is 
completed,  the  resulting  zoarium  will  be  a  cone  with  the  zooe- 
cia on  its  outer  surface.  Where,  for  any  reason,  the  initial 
circle  is  incomplete  or  abnormal,  the  resulting  zoarium  will,  as 
has  been  pointed  out  above,  be  flabellate,  or  produce  a  cone  by 
modifications  arising  during  the  neanastic  stage.  Such  abnor- 
mal cones  may,  by  reversal  of  the  normal  curvature,  bring  the 
zooecia  on  the  inside.     This  fact  does  not^  however,,  modify  the 
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fundamental  type^  whi<;h  is  deierviined  hy  ihe  position,  and 
OTrientation  of  tne primary  hvds.  It  may^  therefore^  he  posi- 
tively asserted  that^  ontoge7ietically  considered^  the  sooBcia  of 
FenesteUa  always  lie  on  the  outer  surface  of  the  cone. 

It  is  now  necessary  to  consider  the  question  of  the  original 
definition  of  Fenestella.  Several  authors  have  recently 
restricted  tliis  genus  to  forms  having  the  zocecia  on  the  inner 
surface  of  the  cone,  notwithstanding  the  fact  that  Lonsdale," 
in  his  original  diagnosis  of  the  genus,  distinctly  states  that  they 
lie  always  on  the  outer  surface !  It  does  not  appear  to  the  pres- 
ent writer  that  the  fact  that  Lonsdale"  afterward  redefined  the 
genus  so  as  to  make  it  practically  coterminous  with  the  whole 
family  of  Fenestellidae,  as  at  present  accepted,  has  anything  to 
do  with  the  question.     In  any  subsequent  restriction  of  the 

?fenu6  by  other  authors,  the  original  sense  of  the  original  pub- 
isher  of  the  genus  should  have  been  ascertained  and  followed 
as  closely  as  possible.  The  first  si>ecies  mentioned  by  Lons- 
dale under  tiie  newly  erected  genus  is  FenesteUa  MiUeri^ 
named  after  Mr.  Miller,  who  had  already  proposed  the  genus 
in  manuscript.  F.  Milleri  clearly  and  unmistakably  has  the 
zooecia  on  the  outer  surface  of  the  cone.  There  cannot  be  the 
slightest  doubt  that  F.  Milleri  represents  Lonsdale's  original 
conception  of  the  genus.  In  the  face  of  this  fact  the  claims  of 
Gorgonia  antiqua  and  Fe^iestella  pleheia^  which  Mr.  Shrub- 
sole"  identifies  with  it,  must  be  considered  as  worthless. 

« 
Ephehnstic  and  Gerontastic  Stages, 

The  detailed  consideration  of  adult  and  senile  stagCv^^  of  the 
zoarinm  of  FenesteUa  raises  certain  j)oints  the  discussion  of 
which  the  writer  prefers  to  postpone  till  a  more  complete  sur- 
vey of  the  specific  rej>resentation  of  this  and  related  genera  can 
be  undertaken.  Enough  has  been  determined,  however,  ro 
make  it  certain  that  the  foundiuiJ:  of  species  upon  slight  varia- 
tions occurring  on  small  fragments  of  zoaria  is  an  exceedingly 
(questionable  practice.  The  modifications  of  zoaria  due  to  age 
may  be  profound.  The  writer  has,  for  exam])le,  seen  hundreds 
of  specimens  of  most  exceptionally  well-preserved  Lower  Hel- 
derberg  and  Ilaniilton  Bryozoa,  in  very  many  cases  showing  the 
entire  zoariuni.  These  specimens  make  it  perfectly  certain  that 
many  of  the  species  that  have  been  enumerated  from  tliese 
formations,  and  founded  on  fragments  of  zoaria,  are  spurious. 
They  may  often  enough  re])resent  merely  different  growth 
stages  of  a  single  individual.  The  onhj  reliahle  criteri&n  of  a 
speeirs  is  the  entire  zoarinm. 
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III.     Development  of  Unitrypa, 

The  genus  Unitrypa  is  characterized  by  the  presence  of 
transverse  bars  or  scalse,  connecting  adjacent  carinae  at  inter- 
vals corresponding  approximately  to  the  spacing  of  the  zooecia 
along  the  branches  of  the  zoarium.  Otherwise  it  conforms 
closely  in  habit  and  structure  to  Fenesiella,  The  development 
of  this  genus  reveals  certain  altogether  remarkable  features  in 
connection  with  the  origin  of  the  scalse,  or  carinal  bars. 

Nepiastic  Stage, 

The  nepiastic  colony  of  Unitnjpa  is  an  object  of  exquisite 
beauty,  consisting  of  a  delicate  translucent  cup  wherein  is 
lodged  the  pentamerously  branching  trunk  or  stalk  of  the 
zoarium,  with  its  slender  arching  carinse  and  diamond-shaped 
incipient  scalae  (figs.  63-68).  The  presence  of  this  perfectly 
formed  cup  is  altogether  unique,  and  its  intimate  relation  to 
the  carinal  superstructure  is  beyond  question. 

The  earliest  stages  (ana-  and  metanepiastic)  of  Unitrypa  are 
indistinguishable  from  corresponding  stages  of  Fenestella. 
Very  early,  however,  the  margin  of  tlie  basal  plate  begins  to 
curve  upward  into  a. shallow  cup  or  saucer.  At  this  stage  the 
carinae  have  not  yet  made  their  appearance,  or  are  represented 
merely  by  slight  ridges  down  the  outer  edges  of  the  incipient 
branches  (fig.  69).  At  a  corresponding  stage  of  Fenestella  the 
carinse  are  strongly  marked  (fig.  47).  The  margin  of  the  basal 
plate  continues  to  grow  upward  until  a  deep  cup  is  produced 
surrounding  the  branching  stalk  of  the  zoarium  (figs.  63-68). 
Near  the  termination  of  this  stage  each  branch  {ol-e')  becomes 
united  by  a  thin  vertical  plate  (the  carina)  to  the  margin  of  the 
cup.  This  plate  or  carina  sends  out  lateral  processes  about  mid- 
way from  the  outer  wall  of  the  branch  to  the  margin  of  the 
cup,  at  a  point  where  the  edge  of  the  carina  is  abruptly  deflected 
downward  toward  the  wall  of  the  cup  (figs.  64,  65  and  69). 
The  plane  of  these  lateral  processes  is  about  parallel  to  a  plane 
tangent  to  the  wall  of  the  cup  where  the  carina  joins  it.  In 
later  stages  these  diamond-shaped  processes  are  seen  to  coalesce 
midway  oet ween  adjacent  carinie,  so  as  to  form  transverse  bars 
or  scalae.  The  processes  are  therefore  the  rudiments  of  scalse 
(fig.  70).  The  margin  of  the  cup  is  frequently  scalloped  in  a 
manner  conforming  to  the  curvature  of  the  basal  margins  of 
these  incipient  scalae. 

The  primary  branches  originate  at  about  the  third  or  fourth 
tier  of  zooecia  (fig.  69).  The  basal  plate  is  indented  opposite 
the  aperture  of  each  zooecium  of  the  initial  circle.  The  nean- 
astic  and  later  stages  of  Unitrypa  are  quite  similar  to  corre- 
sponding stages  of  Fenestella.    The  zooecia  are  carried  up  the 


68    Cfumingt — Devtlepnunt  tf  tonu  PaUosoie  Bryoaoa. 


FlouBIS  68-68.— Early  atagea  of  Unitrypa   from  the  Lower  Helderbetg 

(Shal;)  limestone  of  Indian  Ladder.  N.  Y. 

K6i{-05.  Top,  oblique,   and  proGlti   views  of   an  individual   ahowing   Bve 

frimarj  brancbee  (a'  to  e'),  &ve  carinffi  (□  to  e),  and  trannrerM  plates  |p,  p'). 
tg.  64  ghowH  that  the  carina  do^a  not  reach  the  bottom  of  the  cnp.  In  fig. 
65  the  piatv  p'  \e  Been  to  be  of  dianiond  ehape,  extending  laterally  from 
the  carina,  while  the  paralleliam  between  the  alope  of  the  plates  and  the 
wall  of  the  cup  is  well  shown  at  p.  60-68.  Another  indi-ndnal  ahowing 
similar  features.  The  hiatus  between  the  oarinie  and  the  bottom  of  the  cnp 
is  beantifnlly  ahown  at  a  and  d,  fin.  67,  and  one  of  the  ti  ... 

Og.  67,  andp,  fig.  68. 
A]l  fignrea  k  26. 
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brancheB  in  doable  rows  in  precisely  tbe  aame  way  as  in  the 
latter  genus.  The  presence  of  scalee  is  the  only  distinguishing 
character.  In  Unitrypa  as  in  Fenestdla  the  zooecia  are  always 
on  the  exterior  surface  of  the  cone, 

Somology  of  Parts  in  TIniti-ypa  and  Fenestella. — The 
carinsB  are  undoubtedly  homologons  in  the  two  genera.  They 
do  not,  however,  reach  the  bottom  of  the  cup  in  Unitrypa,  or 


F^aUHK  66. — Plan  aadeleiation  (Bemi-diagrammatii.)  of  ynang  Unitrypa  ol 
the  stage  shown  in  figs  bS-bS  a  e  priiUBiy  oarin» :  a-e',  primary 
braDches:  Pi-pt,  trans^erRp  [>1ntts  (s<.a1te>  The  zofccin  are  nnmbered  to 
ctirresponil  to  tg.  81  Three  riws  are  present  below  the  margin  of  the  cap 
and  two  above.  The  probable  onentatioD  of  the  exaerted  polypide  ie  shown 
by  the  arrow  at  4.  The  basal  plate  is  indented  opposite  each  zooecinm  as  in 
the  yonng  of  FeneaUHu.      x  36. 

at  least  if  they  did  tlieir  inner  portion  was  too  delicate  to  be 
preserved  (figs,  64,  67,  68).  The  eiip  is  in  appearance  unlike 
anything  to  be  found  at  a  corresponding  stage  in  Fenestella. 
Nevertlieless  there  are  strong  reasouB  for  considering  it  as 
homologous,  in  the  main,  witli  tlie  liasal  plate  of  the  latter. 
The  rim  of  tlie  cup  may,  however,  represent  one  or  more  of 
the  earlier  scalte  fused  witli  tlie  margin  of  the  basal  plate.  Tlie 
scalloping  of  the  rim  suggests  tliis  latter  interpretation.  The 
cup  might  very  well  overspread  tlie  entire  outer  surface  of  tbe 
zoarium  were  it  not  for  the  necessity  of  adequate  circulation  of 
water  over  the  zooecia.  This  condition  is  approximated  in  some 
types  {laotrypa,  Semicoscinium). 
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It  ie  not  UDlibel;  that  tlie  form  and  poeition  of  the  carinee  and 
carin&l  BDperBtrDCtares  (ecal(e,  etc.)  ie  very  largely  determined 
by  the  same  necessity  which,  in  the  writer's  opinion,  has,  in 
the  case  of  the  Brachiopoda  and  Felecypoda,  given  rise  to 
flheU  plication,  namely,  tliat  of  admittinfjr  water  and  exclud- 
ing enemies.  The  protection  afforded  by  such  Btmctnres  as 
the  scalee  of  Uniirypa  and  tbe  still  more  elaborate  snper- 
stracture  of  Hemitrypa*  is  very  complete.    Of  course  any  such 


advantage  is  gained  at  the  corresponding  disadvantage  of  less 
perfect  circulation  of  water  over  the  /.oojt-ia  than  ie  the  case 
where  they  are  nnprotected. 

IV.     Derelopmtfnt  of  J'olypora. 

Xepiiixtic  Htoyvs. 

Ananepiantit;  Stage. — The  cHrlieKt  observed  stage  of  Poly- 
pora  coiisifits  of  this  proto? ci iiin  and  five  cneireHnfj  zooecia  (figs. 
71-77).     Even  at  this  early  stage  tJie  ]>nnmrY  branches,  seven 
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in  n  amber,  are  defined  (figs.  72,  73,  a-g\  In  Polypora  the  dis- 
tal margin  of  the  zooeeia  is  elevated,  so  that  by  careful  inspection 
of  the  initial  region  of  a  young  colony,  the  initial  (central) 
zocecinm  can  be  readily  identified.  In  transverse  sections,  also, 
of  the  base  of  adult  colonies  the  primary  zooeeia  can  be  easily 
determined  (fig.  77).  In  the  section  shown  herewith,  the  j)ro- 
toBciuni,  because  of  its  lower  position,  and  more  intimaJ;^ con- 
tact with  the  substratum,  had  been  broken  open  from  beneath 
through  its  thin  basal  plate,  and  infilled  with  the  iron-stained 
material  of  the  matrix,  thus  making  it  a  very  conspicuous  object 
in  the  transparent  section.  The  primary  zooeeia  are  arranged 
very  symmetrically  about  the  protoecium, — one  in  front,  two 
to  the  right,  and  two  to  the  left.  There  can  be  no  doubt  that 
the  individual  in  front  and  the  anterior  pair  of  lateral  indi- 
viduals represent  the  median  and  lateral  buds.  Whether  the 
posterior  pair  of  lateral  individuals  represents  another  set  of  lat- 
eral primary  buds  or  was  derived  from  the  anterior  lateral  buds 
cannot  at  present  be  definitely  settled.  Certain  silicified  speci- 
mens of  Polypora^  showing  the  initial  region  at  the  base  oi  the 
zoarium,  make  it  practically  certain  that  the  zooeeia  in  question 
were  derived  from  the  anterior  lateral  buds.  In  Retepora 
phmnicea^  which  has  exactly  the  same  arrangement  of  zooeeia 
about  the  protoecium  as  Polypora^  these  posterior  buds  are 
undoubtedly  derived  from  the  anterior  laterals."^  The  buds 
marked  II  in  fig,  77  are  manifestly  not  derived  from  the 
protoecium. 

If  the  posterior  pair  of  laterally  placed  buds  is  not  primary, 
a.  ^.,  derived  from  the  protoecium,  tlie  stage  represented  in  fig. 
77  is  to  be  regarded  as  metanepiastic,  since  the  branching  and 
ascent  of  the  colony  from  the  surface  of  support  commence 
wnth  the  formation  of  the  next  circle  of  buds.  Fig.  73  shows 
an  individual  just  entering  the  neanastic  stage.  The  meta-  and 
para-stages  are  therefore  greatly  al)breviated  in  Polypora, 

Comparison  icith  Penestella, 

It  requires  no  very  minute  inspection  of  the  nepiastic  stages 
of  Fenest^lla  and  Polypoi^a  (cf.  figs.  77  and  57  ;  76  and  46  ;  73 
and  47 ;  74  and  52)  to  reveal  a  profound  difference  in  the  develop- 
ment of  the  two  genera.  The  median  bud  of  Polypora  arises  in 
front  of  the  protoecium,  instead  of  on  top  as  in  Fenestella,  The 
protoecium  of  Polypora  is  surrounded  by  subsequent  zooeeia  and 
therefore  comes  to  occupy  a  central  position.  In  Fenestella  the 
protoecium  remains  one  of  a  more  or  less  complete  circle  of 
zooeeia,  and  is  in  no  sense  central  in  position.  The  zooecial 
apertures  face  upward  and  toward  the  axis  of  the  zoarium  in 

*The  bndding  order  has  been  determined  by  the  writer,  in  Retepora 
phoenicea,  from  St.  Vincent's  Gulf,  S.  AustraUa.  Specimens  showing  the 
pTotoBcinm  alone,  and  the  protoecium  and  three  primary  buds,  are  now  in  the 
Yale  UniveTsity  Mosenm,  and  wiU  be  described  in  a  later  paper. 
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PUypora,  bat  outward  and  avsy  from  tbe  axis  in  FaneateUa. 
In  normMy  eUvdoped  FeneatMa  eonea,  ther^ort^  the  zoada, 


FiouREH  71-77. — Nepiastio  stnges  of  Riijaw™.*  71-76.  yonngindiTidnaU 
Bhuwin){  the  protiBcinm  (*)  nnd  primHr)'  bnds  (I,  I,  I)  and  the  be^nnit^;  of 
the  primary  branches  (a  to  g).  Fif;-  74  {paranepi Antic  Ht^tK^I  shoWH  the  Intter 
feattire  verj-  perfectly.  77.  Section  thmngli  the  bane  of  an  iudividiiiU  from 
Thetlford,  (Ontario,  showiDg  protiecium  (*)  anrrouuded  by  eevea  zo<£cia,  five 
of  wliich  are  in  cuntaci  with  it.  li,  h,  and  Ii  mnKt  have  ariaen  from  the 
protatiiim. 

Pi[,iire8  71-74  x  26 ;  fiKtireii  75-76  x  3(1 ;  figtire  77  x  13, 

are  always  mi  f/ic  outef  tiurfuce  of  thi/  <-one,  while  in  normaliy 
developed  Polyporti  cowa  the  soaxia  arc  ahpai/s  on  the  inner 
surface  of  the  rone.  The  tijpe  is  d/:t<:r7iiiiied  by  the  position 
and  orientaiion.  of  the  primary  hudn. 


Caminga — Development  of  tome  Paleotoia  Bryoaoa.     73 

In  Polypora  as  in  FenesteUa  a  partial  or  aeymmetrical 
development  of  the  metanepiaBty  may  ^ve  rise  to  flabellate 
forms,  and  by  reversal  of  curvature  an  occasional  cone  may 
arise  in  either  genua,  with  the  zooacia  on  the  snrface  opposite 
the  usnal  one,  i.  e.,  the  zoarium  may  turn  inside  out.  Soch 
variatious  in  no  way  modify  the  fundamental  type. 

Notwithstanding,  therefore,  tlie  insistence  with  which 
authors  have  proclaimed  the  intimate  connection  between 
Polypora  and  Feneatella,  such  supposed  close  relationship  is 
only  another  case  of  morphological  equivalence.  Waagen  and 
PiclilV  erection  of  subfamilies  for  the  reception  of  these 
respective  types  is  more  tlian   justitied  h\  unmistakable  evi- 


FlGCRta  T8-80. — Initial  zocecia  of  Pal  aehara  from  the  Lower  Helder- 
berg  (Shaly)  limestone  of  Indiuii  Ladder.  N  Y  Blatk  protoeciiim  ,  crosB- 
batcbed  (1  to  8)  =  primary  bnds  ;  croas-lined  ~  interstitial  buds  of  a  later 
generation.     1.  2,  and  3  ate  in  immediate  contact  with  the  proltECium. 

79-80.  Lowersnrfaceof  the  colony ;  78.  Upper  surface.  The  primary  zo»»cia 
diverge  rapidly  in  pasHing  to  the  npper  Hiirface. 

Figures  78,  79  x8;  fipire80  «33.» 

dence,  of  the  existence  of  which  those  authors  were,  however, 
entirely  ignorant.  Feneatella  and  Pohjpnray  as  now  consti- 
tuted, comprise  a  heterogeneous  assortment  of  forms,  partly 
belonging  to  outside  genera  and  partly  entitled  to  remain 
where  they  are.  When  the  correct  generic  relationships  of 
these  forms  are  determined,  the  proper  arrangement  of  genera 
will  be  to  place  all  forms  having  the  nepiastie  stages  as  in 
FenfiteUa  in  the  family  FeneHteUifla,  and  all  forms  having 
the  nepiastie  stages  as  in  Polypora  in  the  family  Pohjporidie. 
Thamniecns  will  not  belong  to  either  of  tliese  families.  The 
position  of  the  other  genera  now  referred  to  the  family  Fen- 
estellidEB  as  at  present  constituted,  can  be  determined  by  an 
investigation  of  their  development.  The  writer  does  not  ven- 
tnre  an  opinion  beyond  the  limits  of  the  types  already  so 
*  The  ntimben  1,  3,  8,  etc.,  in  these  figures  are  not  intended  to  indioatfl 
the  order  o[  budding. 
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studied.     Certain  persistently  flabellate  forms  should,  however, 
be  placed  in  appropriate  genera,  as  suggested  by  Simpson." 

The  number  of  rows  of  zooecia,  which  has  been  considered 
the  chief  differential  character  between  PolAfpora  and  Fen- 
esteUa^  is  of  altogether  subordinate  value.  Carinse  do  not 
occur  in  Polypora.  It  is  believed  that  there  are  physiological 
as  well  as  developmental  reasons  for  this. 

V.     Development  of  Paleschara, 

Two  specimens  of  Paleschara  from  the  silicified  Lower 
Helderberg  material  show  the  initial  region  of  the  zoariura 
(figs.  78-80).  The  protoecium  is  slightly  larger  than  the  other 
zooecia  and  is  closely  surrounded  by  eight  buds.  Whether 
these  all  originated  from  the  protoecium  cannot  be  determined ; 
from  the  analogy  of  other  Bryozoa  the  belief  would  be  justi- 
fied that  they  did  not.  It  is  significant  that  their  number  and 
arrangement  are  the  same  as  in  the  recent  genus  Microporellu. 
The  zooecia  numbered  1,  2,  and  3  in  the  figures  are  in  more 
intimate  contact  .with  the  protoecium  than  the  others  (4-8) 
and  may  represent  the  median  and  lateral  buds.  From  the 
analogy  of  MicroporeUa^  however,  the  median  bud  should  be 
lacking ;  and  8  and  8  should  represent  the  lateral  buds  from 
which  1  and  2  were  produced. 

VI.      Conclusions, 

In  general  all  Bryozoa,  both  recent  and  fossil,  thus  far 
studied,  conform  to  a  fundamental  plan  of  primary  budding. 
This  consists  in  the  development  from  the  protoecium  of  one  or 
two  lateral  buds  and  frequently  of  a  median  bud  which  arises 
somewhat  later.*  Any  apparent  departure  from  this  plan  is 
found  on  closer  inspection  to  conform  to  it.  Fenestella^  Uni- 
tri/pa,  Polypora,  and  probably  Paleschara  conform  strictly  to 
this  plan  of  budding. 

In  FenesteUa  the  primary  buds  arise  in  such  a  position  and 
are  so  orientated  as  to  cause  the  apertures  of  all  subsequent 
zooecia  to  face  awa/y  from  the  axis  of  the  zoarium.  In  Pdy- 
pora  the  primary  buds  arise  in  such  a  position,  and  are  60 
orientated  as  to  cause  the  apertures  of  all  subsequent  zooecia  to 
face  toward  the  axis  of  the  zoarium.  This  difference  is  taxonomi- 
cally  oi  family  value.  In  certain  cases  the  full  number  of  buds 
may  be  lacking  in  the  metanepiastic  stage,  or,  when  present, 
they  may  have  an  unusual  arrangement,  and  give  rise,  for  either 
reason,  to  asymmetrically  developed  or  flabellate  colonies.    Such 

*  This  fact  will  afford  a  solution  to  the  systematic  position  of  the  Trepofllch 
mata,  since  the  budding  from  the  prototfieka  {npuroQ  +  BifKii)  of  corals  foUowt 
an  entirely  different  law. 
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colonies  arise  in  b«tli  the  Feneetellidffi  and  Polyporidse,  and  may 
be  produced  with  such  persistence  as  to  give  rise  to  tiabellate 
^nera.  In  othereaBeatliey  occur  sporadically,  and  undoubtedly 
in  its  phylogenesis  this  peculiarity  first  occnrred  only  in  occa- 
sional Individuals. 

The  carioEe  of  Feneatella  originate  as  septal  upgrowths  of  the 
basal  plat«,  coinciding  with  planes  of  division  between  adjacent 
zocecia.  They  are  manifestly  protective  and  strengthening 
g  true  tares. 


FiaCRB  81. — Stomatopora  from  the  Trenton  of  Minnesota,  Bhowmg  the 
propagation  of  the  colony  by  simple  linear  budding,  or  by  formation  of  two 
lateral  bnda.      x  6. 

FlijDHE  82. — Proboicina  from  the  Trenton  of  Minnesota,  ehowing  incipient 
coalescence  of  bTancheH,      x  12. 

FIOURE  83. — Arthrocttma  from  the  Trenton  of  Minnesota,  witli  transverse 
and  axial  geotionB  of  unothet  Bpeeiea.  Compare  with  axial  portion  of  &%.  50. 
Sections  xl3;  other  figures  xfl. 

Unitrypa  and  Hemitri/pa  conform  in  tlieir  ana-  and  nieta- 
nepiastic  stages  to  Ferieatella,  but  differ  from  the  latter  in  the 
production,  during  the  paranepiastic  stage,  of  a  peculiar  cup, 
Hurrounding  and  embracing  the  basal  stalk  of  the  zoarium. 
This  cup  represents  the  upgrowth  of  the  margin  of  the  basal 
plate,  and  the  fusion  therewith  of  one  or  more  series  of  primary 
scalffi,  through  acceleration  of  growth  of  the  latter  structures. 
In  their  ontogenesis  the  scalce  are  intimately  related  to  the 
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carinse,  and  represent  a  farther  elaboration  of  the  latter  for 
protective  purposes. 

It  is  still  too  early  to  attempt  a  phjlo^netic  classification  of 
the  Ectoprocta.  The  present  studies  will,  it  is  believed,  indi- 
cate the  direction  in  which  such  a  classification  must  be  sought. 
The  budding  of  all  colonial  organisms,  after  the  primary  stages, 
is  apt  to  be  very  irregular,  since  the  growing  colony  as  it  in- 
creases in  size  is  more  and  more  compelled  to  accommodate 
itself  to  the  limitations  of  space  and  food  supply.  Only  the 
nepiastic  stages,  therefore,  have  any  phylogenetic  value  or  any 
classificatory  value  higher  than  generic.  The  uniformity  of 
the  nepiastic  stage  in  Bryozoa  (Ectoprocta)  suggests  a  com- 
mon ancestor,  wnich  propagated  by  means  of  lateral  buds, 
forming  bifurcating  series.*  Stomatopora  presents  this  type 
of  budding,  rarely  producing  a  median  bad  in  addition  to  the 
two  lateral  ones.  Where  there  is  a  linear  series  of  buds,  the 
writer  is  disposed  to  consider  the  individuals  of  such  a  series 
as  representmg  unpaired  lateral  buds  (tig.  81).  Some  speci- 
mens of  Stomatopora  very  forcibly  suggest  this  inteq^retation. 

Through  Proboscma  (fig.  82)  and  related  forms,  the  genetic 
line  from  linear  and  anastomosing  zoaria  like  Stomatopora  to 
true  incrusting  forms  is  very  complete ;  and  the  development 
of  FenesteUa  seems  to  show  how  cylindrical  and  infundibular 
zoaria  may  be  derived  from  incrusting  zoaria.  The  ancestors 
of  the  Ectoprocta  (Cyclostomata,  Cryptostomata,  Chilostomata) 
may  be  sought,  therefore,  in  the  direction  of  Stovfiatopora^'^^ 
types. 

Further  than  supplying  a  method,  the  present  studies  have 
done  little  to  clear  up  the  mystery  of  the  Trepostomata.  In 
the  writer's  opinion,  they  indicate  a  rather  more  remote  rela- 
tionship between  this  and  other  orders  of  Bryozoa  than  certain 
authors  have  held.  The  Trepostomata  are  a  very  ancient  type, 
but  they  probably  do  not  stand  in  a  linear  relation  to  any 
other  order  of  Bryozoa.f 

The  author's  studies  strengthen  the  view  advanced  by 
Ulrich"  that  the  Cryptostomata  are  the  Paleozoic  representa- 
tives of  the  Chilostomata.  Polypora  and  Retepora  are  pre- 
cisely alike  in  their  early  budding  stages. 

November,  1903. 

*  Davenport^  holds  a  somewhat  diflferent  view. 

t  Phylloporina  is  a  composite  genus  in  no  way  anoestral  to  FtntsUVxi- 
P.  corticosa  belongs  to  the  Trepostomata. 
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Akt.  VI.  —  EffecU  on  Rare  Earth  Oxides  produced  by 
RadiumrEarium  Compounds  and  on  the  Prod^iction  of 
Permanently  Luminous  Preparations  by  Mixing  the 
Latter  with  Powdered  Minerals ;  by  Charles  Raskes- 
viLLE  and  George  F.  Kunz. 

The  following  rare  earth  oxides  in  powdered  condition  were 
mixed  with  radium-barium  chloride  of  240  activity.  The 
mixture  was  sliaken  in  test  tubes  and  carefully  observed  in 
the  dark  to  note  any  luminosity.  None  was  observed  with 
any  one  of  the  oxides.  The  following  oxides  were  used: 
thorium,  zirconium,  titanium  dioxides;  zinc,  cerium,  lantha- 
num, yttrium,  ytterbium,  erbium,  a  mixture  of  the  last  three, 
praeseodidymium,  neodidymium,  lanthanum,  gadolinium,  sama- 
rium and  uranium  oxides.*  They  were  not  examined  with  a 
microscope,  although  a  magnifying  glass  \vas  used. 

Berthelotf  compared  certain  specific  chemical  reactions 
caused  by  light  and  an  electric  current  with  those  provoked  by 
radium.  He  noted  that  the  work  is  tedious  on  account  of  the 
small  quantities  of  radium  to  be  used  and  the  necessity  for 
working  in  glass  envelopes,  which  absorb  part  of  the  rays  and 
in  certain  cases  probably  the  most  efficient  portion.  M.  and 
Mme.  Curie  noted  that  various  chemical  effects  produced  by 
radiations  from  radium  were  similar  to  light.  Becquerel:}: 
extended  the  examination  with  a  sealed  glass  tube  env^eloped 
in  aluminum  foil.  Glew§  gives  a  random  list  of  substances 
which  fluoresce,  and  some  which  do  not,  w^hen  submitted  to 
the  action  of  radium  bromide  within  a  glass  container  and  sur- 
rounded by  black  paper.  Crookes'  spinthariscope ||  is  an  instru- 
ment for  showing  the  luminescent  effect  produced  upon  a 
Sidot's  blende  screen  by  exposed  radiutn  salts.  Elster  and 
Geitel^  independently  observed  the  luminosity  produced  by 
the  bombardment  of  radium  ''  electrons "  and  showed  the 
difference  between  phosphorescence  produced  by  emanation 
and  that  produced  by  illumination.  We  have  not,  however, 
learned  of  any  experiments  where  pulverized  materials,  mineral 
and  chemical  preparations,  have  been  mixed  directly  with 
radium-barium  compounds  of  different  composition  and  activi- 
ties in  this  manner. 

We**  have  mixed  pulverized  chlorophane,  willemite,  zinc 
oxide    (made   by   the   French    process),    zinc    sulphide,    and 

*  The  soarces  of  these  oxides  are  given  in  a  previous  paper.    This  Journal^ 
Dec.,  1903,  p.  465. 
+  Compt.  Rend.,  czxxiii,  659.  %  Compt.  Rend.,  cxxxiii,  709  (1901). 

§  Nature,  July  2,  p.  3,  1903.  |  Chem.  News,  Ixxxvii,  241. 

II  Physik.  ZeitBchr.,  iv,  15,  439.     ♦♦  Trans.  N.  Y.  Acad.  Sci.,  Oct.  6, 1903. 
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kiinsite,*  with  radium-barium  chloride  (2ifl  activity)  and  car- 
bonate (100  tind  40  activities).     All  gave  good  liiniiuosity. 

It  may  be  recalled  that  in  a  previous  communication  it  was 
etated  that  of  t)ie  osidee  mentioned  above  when  submitted  to 
the  action  of  ultra-violet  light,  only  two  of  them  became  pho«- 
.    phoreBcent,  namelv,  zirconium  aud  thorium  dioxides. 

Further,  it  should  be  noted  that  one  of  these  oxidee  is  not 
radio-active,  namely,  zireoniom  dioxide,  while  thoriaui  dioxide 
ia;  also  that  uranium  oxide,  which  is  radio-active,  docs  not 
respond  to  the  ultra-violet  light,  le  it  pmstUe  thai  >os  have  a 
common  conetituent  in  eirconi-um  and  thorium  that  diffrr* 
from  the  others  and  stilt  is  different  from.  tJie  eonntitvfnt 
which  maJess  uranium.  resj>onaive  ? 

It  has  been  frequently  noted  and  is  well  hnown  that  chloro- 
phane  is  extremely  sensitive  to  ethereal  or  mechanical  streesc?, 
eiving  evidence  of  such  sensitiveness  by  luminosity.  We  have 
learned,  as  will  be  published  later  in  full,  that  chloL-ophaiie 
contains  yttrium  and  ytterbiam.  Neither  of  these  oxidw 
responds  either  to  the  ultra-violet  light  or  the  radium  ;  hence 
we  cannot  attribute  the  sensitiveness  of  chloropbaue  to  their 
presence.  Is  it  not  possible  that  we  have  here,  as  well  as  in 
wUlemite  and  the  other  sine  compounds  mentioned,  a  new  svh- 
stance,  perhaps  elementary,  whzch  act*  as  a  radium,  foil,  as  U 
weref 

We  propose  to  carry  on  further  the  investigation  of  these 
matters. 
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Art.  VII. — On  the  Numbers  of  Nuclei  produced  by  Shak- 
ing Different  Liquids  and  Allied  Results  ;  by  C.  Sabus. 

1.  In  mv  report  on  the  nucleus,*  I  showed  that  the  number 
produced  in  a  s^ven  mode  of  comminution  was  least  in  pure 
water,  greater  in  dilute  organic  solutions  and  still  greater  in 
dilute  inorganic  solutions,  all  of  the  same  strength.  Kesults 
were  also  given  for  other  solvents  than  water,  in  particular  for 
benzol ;  but  I  was  unable  to  reduce  the  data  to  the  same  scale 
as  for  aqueous  solvents,  as  the  data  needed  for  the  reductions 
were  not  at  hand.  I  have  since  found  that  the  method  of 
Wilson  and  Thomsonf  lends  itself  to  benzol  and  have,  there- 
fore, computed  the  data  over  again  as  shown  in  Table  I. 

The  pressure  reduction  used  to  effect  the  condensations  was 
throughout  ip  =  16^"".  Hence  at  about  20°  the  adiabatic  fall 
of  temperature  in  case  of  a  benzol-air  medium  should  be  as 
far  as  —10*2°,  the  rise  of  temperature  thereafter  (due  to  con- 
densed liquid)  to  11'3°,  and  consequently  the  liquid  benzol 
precipitated  per  cubic  centimeter  ni  =  30*4  XlO""  grams.  The 
goniometer  factor  was  a  =  '0081  -=■  d  s^  being  the  product  of 
the  diameter  d  of  the  fog  particle  and  the  apertures  of  the 
corona.  Ilence  the  number  of  nuclei  per  cubic  centimeter  is 
finally  n  =  1*95  (10  ^)',  all  the  coronas  in  question  being  normal, 
excessively  intense  and  brilliant. 

This  may  be  compared  with  water.  The  corresponding 
temperature  reduction  of  the  water  air  medium  is  to  —7*6°,  the 
rise  of  temperature  due  to  the  ensuing  condensation  as  far  as 
9*5°,  so  that  7/1  =  4*5x10"''  grams  per  cub.  cm.,  almost  7 
times  smaller  thai;i  the  corresponding  datum  for  benzol.  When 
the  same  goniometer  as  above  is  used,  therefore,  n  =  '29  (10  s)*. 

Table  I. — Number  of  nuclei  produced  by  identically  shaking  solutions  of 

one  per  cent  concentratiims. 

Nuclei  per 
Solution,  etc.                      cm*  of  air.                         Solutes. 
Pure  water 130  


r\         •    I.  J-      •  X  ^o^  (  sucrose,  glucose,  glvcerin, 

Organic  bodies  in  water  630         j      urea,  tirtaric  acid 

fNa,SO,  CaCl,Ca2N0, 

T  •        u    •         .  ,o«r,         i  K.SO.FeCLAl,NO. 

Inorganic  salts  m  water        1260        ^  ^,J,^  ^^(,,  i^^g^Q. 


Naphthalene  in  benzol.         3500 
ParaflSne  in  benzol 5000 


|^Na,PO,  HCIH^'I^O, 


*  SmithBonian  Contrlb.,  No.  1373,  chap,  v,  1893. 
t  Phil.  Mag.  (5),  xlvi,  p.  588,  1898. 

Am.  Jour.  8ci. — Fourth  Sbbies,  Vol.  XVII,  No.  97. — January,  1904. 
6 


89     jBarv—yvel&ipradtictd  h/  Shaking  Dife/enl  Liquids. 

The  cariouB  rasolt  thus  apj^ars  that  the  iiuinber  of  Tiiielei 
prodaced  by  a  definite  amonnt  of  slaking  is  leaet  for  water, 
aboot  5  times  greater  for  dilute  organic  eolutione  in  water, 
abont  10  times  greater  far  dilute  inorgauic  solutions  in  water, 
and  about  30  to  40  timee  greater  for  dilute  solutions  of  dou- 
condnotoFB  like  uaphthalene  atxl  jiarafline  in  benzol.  It  is  diffi- 
cult to  even  coujectnre  a  reason  iov  tliLs  behavior. 

3.  OoTonaa  in  gensral. — Tho  coroiiiis  in  hfiizot  for  the  same 
preesnre  differences  as  above  arc  all  iiornial  even  if  nueleation 
from  snlphnr,  phoephornB,  etc.,  is  introdnced.  From  the  alow 
difiaeion  of  the  vapor  they  soon  become  distorted  daring  anc- 
eeesire  exhaDAtions  nnleas  the  resBel  is  shaken  between  each. 
It  ia  interesting  to  show,  however,  that  in  spite  of  the  lUHmal 
coronas,  the  high  initial  nueleation  is  fully  aoconnted  for.  To 
do  this  I  shafl  select  a  series  of  observatiooa  for  ooronaa  in 
.  benzol  vapor  at  random  (1.  c.,  p.  66).  Salpbur  nuclei  were 
used  and  the  vessel  shaken  between  obeervations.  The  table 
givee  the  reeulte. 

TaKiB  n. — OotoDH  In  beuol  tukw,  shskan  betwMD  obMiraUona.    fy  = 
18":  »  =  »m/.r<P;  m  =  88 x  10-V per om» ;  d  =  "OOIW/*. 

dxlO*  dxlO*  «»10-« 

obnTT«d.  oompnted.  ocnnpiittd. 

Fog  without  coronas  '2  6,  BOO 

"           "  "  '3  8,200 

"            "  "  -4  1,400 

"           '•  "  8  610 

"           «        ,  "  -6  270 

•8  -8  120 

1-0  11  62 


Computed  exponentially  the  initial  nueleation  wonid  run  up 
into  the  millions.  Tlie  observations  are  not,  however,  in  keep- 
ing with  such  a  locus  and  conform  more  closely  to  1  =  d^/d,— 
ztr/a)  or  8  =  «,— <rs  and  ds  =  a.  For  present  purposes  this  ia 
near  enough.  I  shall,  therefore,  lay  o£E  the  aperture  8  as  a 
linear  function  of  the  number  of  the  exhaustion  2,  for  which 
the  observations  show  per  unit  of  s,  in  case  of  sulphur  nuclei, 
ts  =  -28  and  in  case  of  punk  nuclei  8«  =  -IQ,  The  initial  aper- 
ture computed  herefrom  as  the  mean  of  six  series  in  each  of 
which  the  nueleation  was  introdnce<l  independently,  are  for 
sulphur,  8,  =  3-4  and  for  punk  s„  =  2'2.  llcnce  n,  =  840,000  in 
the  former  ease  and  n.  =  230,000  in  the  latter. 
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Since  the  pressure  ratio  was  in  each  case  1*36,  the  nuclei  in 
the  influx  air  passing  over  burning  sulphur  or  glowing  punk 
must  have  been  3*8  times  more  numerous.  Thus  there  were 
nearly  3  million  sulphur  nuclei  and  nearly  900,000  punk 
nuclei  per  cubic  centimeter  in  the  laden  air  currents  entering 
the  condensation  chamber. 

1  shall  show  elsewhere  that  the  equation  applicable  to  the 
present  experiments  is 

(2-Z)log  !/=-» 

«,=  nzlO  n(l-S/.9'), 

z 

where  n^  is  the  initial  nucleation,  y  the  volume  ratio  on  exhaus- 
tion, z  the  number  of  the  exhaustion  and  S  an  appropriate  sub- 
sidence constant.     The  function  11  is  a  product  of  the  terms 

(\-^/s\)  (I  -S/5',,0  .  .  .  (i_S/«%_0 

so  that  Z  is  the  number  of  the  exhaustion  in  which  the  first 
corona  is  seen  and  11  =  1.  When  the  particles  are  as  large  as 
is  the  case  for  benzol  the  subsidence  function  is  of  prevailing 
importance  and  masks  the  exponential  function,  as  all  the 
observations  for  benzol  show.  I  have  carried  this  method  out 
for  water  vapor,  obtaining  consistent  results  throughout.  The 
present  observations  for  benzol  are  scarcely  systematic  enough 
to  make  worth  while  to  compute  S,  and  the  experiments  should 
be  such  in  which  the  diffusion  and  homogeneity  of  vapor  is 
ensured  by  continued  rotation  of  the  vessel  rather  than  by 
shaking.  But  there  can  be  no  doubt  that  with  proper  pre- 
cautions in  this  respect,  the  number  of  nuclei  funiished  per 
cubic  centimeter  by  any  given  nucleator  can  be  determined 
with  benzol  vapor,  as  the  coronas  are  all  normal  even  for  large 
values  of  nucleation,  with  certainty. 

3.  Axial  colors. — It  is  because  of  the  relatively  great  num- 
ber of  relatively  large  particles  in  case  of  benzol  and  similar 
hydrocarbon  vapors,  that  the  axial  colors  are  seen  and  may  be 
traced  into  much  higher  orders  than  is  the  case  with  water 
vapor.  The  yellows,  browns,  etc.,  of  the  first  order  may  be 
easily  obtained  with  the  steam  jet  though  they  can  not  be 
produced  in  the  condensation  chamber  by  any  means  whatever. 
The  subsequent  violets,  blues,  etc.,  however,  are  here  distinctly 
seen  as  far  as  the  orange-red  of  the  second  order,  after  which 
the  admixture  of  white  light  makes  recognition  of  color  more 
and  more  difficult.  With  hydrocarbon  liquids  like  gasolene, 
benzine,  etc.,  the  axial  colors  are  seen  much  farther  along  the 
series  even  through  a  short  column,  and  they  are  intense  in  the 
drum.  The  difficulty  in  observation  encountered  is  due  to  the 
slow  diffusion  and  consequent  absence  of  homogeneous  vapor. 
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I  hope,  however,  by  keeping  the  lirum  io  rotation  aroiind  the 
axie  of  vision  as  ah-eady  suggested  to  counteract  this  discrep- 
ancy and  eorreepoiidinfjly  to  prolong  the  series. 

4.  Carbon  disviphifie, — The  vapor  of  this  reagent  is  another 
in  which  coarge  normal  eoronae  usually  appear.  The  endeavor 
to  produce  the  higher  coronas  with  sulphur,  punk  or  air  nuclei 
faik  if  the  pressure  differences  are  of  the  same  order  as  those 
used  for  water.  Particles  of  the  fog  are  usually  about  d  = 
■001""  in  diameter  for  strong  nucleation,  and  the  dense  coronas 
produced  on  shaking  showed  diameters  of  the  order  of  rf  = 
■0015  under  the  given  conditions  of  exhaustion.  Relatively 
large  coronas  were  obtained  vrith  nuclei  which  apparently  rise 
from  this  reagent  spontaneonsly.  Thus  after  about  3  lioure 
rf=  -003,  after  6  to  15  hours  d  =  ■0012™  was  observed.  The 
fact  that  the  coronas  increase  in  size  in  the  lapse  of  time  sug- 
gests other  e.xplanation  than  the  slow  diffusion  of  vapor  or  the 
aifflcultv  in  keeping  it  uniformly  saturated  when  successive 
exhaustions  are  made.  For  in  this  caao  coronas  would  decrease 
and  the  size  of  tlie  particles  increase,  whereas  the  reverse  is 
observed. 

The  computation  of  the  number  of  nuclei  per  cubic  centi- 
meter for  carbon  disulphide  is  more  precarious  in  view  of  the 
high  vapor  pressures  and  the  deficiency  of  data  applying 
throughont  the  range  of  temperature  involved.  For  the  ease 
of  a  pressure  decrement  of  &p  =  18™  from  76™,  and  at  20", 
the  adiabatic  fall  of  temperature  would  be  as  far  as  — 34°,  the 
rise  therafter  due  to  condensed  liquid  as  far  as  5°.  This 
implies  53x10"'  grams  of  fog  particles  per  cubic  centimeter, 
whence  with  the  auove  goniometer  the  number  of  nuclei  per 
cubic  centimeter  would  be  »  =  34  (10  s)'  =>  '10/(10  d)'. 

The  coronas  obtained  by  spontaneous  nucleatioa  thus  corre- 
spond to  «.  =  13,000  after  three  hours  and  n  =  50,000  after  6 
hours  or  more.  Finally  punk  nuclei  after  two  or  three  exhaus- 
tions with  shaking  were  still  present  to  the  number  of  n  = 
76,000  per  cubic  centimeter. 

Brown  University,  Providenc*,  K.  I. 
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SCIENTIFIC    INTELLIGENCE. 

I.    Chemistry  and  Physics. 

I.  Titrations  with  Potassium  lodate.  —  A  new  application  of 
iodates  in  volumetric  analysis  has  been  devised  by  Launcelot 
W.  Andrews.  This  depends  upon  the  fact  that  in  the  presence 
of  a  great  excess  of  hydrochloric  acid  the  reaction 

HIO,  +  2HI  +  3HC1  =  3IC1  +  3H,0 

takes  place,  and  upon  the  fact  that  while  iodine  itself  colors  an 
immiscible  solvent,  such  as  chloroform  or  carbon  tetrachloride, 
the  iodine  monochloride  imparts  no  color  to  the  solvent,  althoue:h 
it  gives  a  bright  yellow  color  to  the  hydrochloric  acid  solution. 
Therefore,  the  iodine  in  an  iodide  may  be  accurately  determined 
by  placing  the  solution  of  the  iodide  in  a  glass-stoppered  bottle, 
adding  about  an  equal  volume  of  concentrated  hydrochloric  acid 
and  about  5*^^  of  chloroform,  and  then  running  in  a  standard 
solution  of  potassium  iodate  until,  after  shaking,  the  chloroform 
becomes  colorless.  The  end-reaction  is  exceedingly  sharp,  while 
ferric  and  cupric  salts,  oxalic  acid  and  small  quantities  of  bro- 
mides do  not  interfere  with  the  operation.  The  process  may  be 
used  also  for  the  determination  of  free  iodine,  in  which  case  the 
following  reaction  takes  place  : 

HIO,  -1-41  +  5HC1  =  5IC1  +  3H,0. 

It  may  be  used  in  determining  chromates,  if  a  titrated  solution 
of  potassium  iodide  is  at  hand.  In  this  case  an  excess  of  the 
iodide  is  added  to  the  chromate  solution,  and  the  excess  is  deter- 
mined by  the  addition  of  iodate  solution.  Chlorates  can  be 
determined  in  a  similar  manner,  but  here  an  amount  of  pure  fum- 
ing hydrochloric  acid  at  least  one-third  greater  than  the  volume 
of  the  solution  should  be  added,  and  the  bottle  should  be  allowed 
to  stand  for  15  minutes  before  titrating  with  potassium  iodate. 
Solutions  of  arsenious  acid  or  chloride  can  be  titrated  in  the 
same  way  as  iodides.  Here,  however,  the  amount  of  actual 
hydrochloric  acid  in  the  liquid  must  be  kept  between  15  and  25 
per  cent.  The  determination  of  antimony  is  precisely  like  that 
of  arsenic.  Since  copper  as  a  cupric  salt  does  not  interfere,  it  is 
possible  to  determine  arsenious  acid  in  Paris  green  without  a  pre- 
liminary separation.  Ferrous  salts  can  be  titrated  in  exactly  the 
same  way  as  iodides,  but  here  the  end  reaction  appears  to  lack 
sharpness,  although  test  analyses  with  ammoninm-ferrous  sulphate 
gave  very  satisfactory  results. 

The  method  promises  to  be  an  important  addition  to  our  volu- 
metric processes,  since  nearly  all  of  the  analyses  usually  made  by 
Bunsen's  method  of  distillation  can  be  made  by  it  more  easily, 
and  also  because  it  is  applicable  to  some  important  special  cases. 
— Jour,  Afner,  Chem,  JSoc,  xxv,  756.  h.  l.  w. 
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2.  I%e  Oxidation  of  JPiatinum.  —  It  has  been  f^eneimUy  sap* 
posed,  up  to  the  present  ttmey  tbat  metallio  platinani  is  inot* 
pable  of  being  oxidized  by  the  action  of  air  or  oxygen,  and  that 
platinam-blaqk  consists  of  a  mechanical  mixtare  of  pnre  plati- 
num with  condensed  oxygen.  The  latter  view  does  not  appear  to 
be  in  accordance  with  ^neral  chemical  principles,  bat  it  nils  held 
its  place  in  chemical  literature,  probably  on  account  of  the  high 
authority  of  Liebig  and  Ddbereiner  who  advocated  it.  Lotuab 
WoHLBB  has  neK^ently  described  an  elaborate  research  m  regard 
to  the  behavior  of  platinum  with  oxygen,  and  he  has  shown  con- 
clusively that  this  metal  is  susceptible  to  oxidation.  The  presence 
of  an  oxide  in  platinum-black  was  shown  by  the  fact  that  iodine 
was  set  free  by  it  from  potassium  iodide.  It  was  found  that 
platinum-black,  by  being  neated  for  a  long  time  in  contact  with 
oxygen,  took  up  the  latter  to  the  extent  of  1*92  per  cent  at  100° 
and  2*35  per  cent  at  800°,  although  the  limit  of  oxidation  was  not 
reached.  It  was  found  that  oxidized  platinum-black  was  soluUe 
in  dilute  hydrochloric  acid  to  the  extent  of  from  10  to  18  per 
cent  of  its  platinum,  and  it  was  found  that  precipitated  platinous 
hydroxide  was  entirely  analogous  in  many  reactions  to  the  on^ 
dized  platinum-black.  Moreover,  grey  platinum  sponge,  by  long 
heating  in  oxygen  at  420-450°,  was  converted  to  tne  extent  of  40 
per  cent  into  a  black  powder  which  was  found  to  be  plattnous 
oxide,  although  the  limit  of  oxidation  was  not  reached,  and  even 
the  oxidation  of  platinum  foil  was  found  to  be  possible,  as  was 
shown  by  its  increase  in  weight  and  very  marked  change  in  color. 

The  results  of  this  investigation  are  important,  since  they 
furnish  a  satisfactory  explanation  of  much  of  the  chemical 
behavior  of  finely  divided  platinum. — Berichte,  xxxvi,  3476. 

H.  L.  w. 

3.  The  Production  of  High  Vacua  for  Distillation,  —  Chem- 
ical distillations  under  diminished  pressure  are  commonly  made 
by  use  of  the  water-jet  pump,  but  the  nearest  approach  to  a 
vacuum  obtainable  with  this  apparatus  is  from  8  to  16"""  pressure, 
according  to  the  temperature  of  the  water.  For  lower  pressures 
mercury  pumps  or  other  air-pumps  may  be  used,  but  as  these  are 
not  always  available,  Ernst  Erdmann  has  devised  a  process  for 
the  purpose  which  depends  upon  the  low  vapor  tension  of  carbon 
dioxide  at  the  temperature  of  liquid  air.  The  apparatus  to  be 
used  for  distillation  is  first  exhausted  by  means  of  the  water 
pump  to  30  or  35"°*,  then,  by  means  of  a  suitable  connection  pro- 
vided with  a  glass  stop-cock,  carbon  dioxide  produced  in  a  Kipp 
generator  and  dried  with  sulphuric  acid  and  calcium  chloride  is 
admitted  until  the  apparatus  is  filled  with  it.  The  apparatus  is 
then  exhausted  as  before,  and  the  filling  with  carbon  dioxide  and 
exhaustion  are  repeated  three  times,  when  a  small  bulb  connected 
with  the  apparatus  is  immersed  in  liquid  air.  The  pressure  then 
sinks  within  a  minute  to  less  than  O'e™"*,  usually  to  0*2  or  0*3' 


(mm 


If  the  filling  with   carbon  dioxide  and  exhaustion   have   been 
repeated  a  fourth  time  the  pressure  is  still  lower,  and  it  has  been 
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oand  that  where  the  use  of  robber  stoppers  and  tubing  is  avoided 
t  is  possible  to  produce  a  cathodic  vacuum  by  this  method.  The 
.rticle  under  review  states  that  the  liquid  air,  a  supply  of  which 
s  necessary  for  this  process,  can  now  be  purchased  in  London  for 
888  than  50  pf.  per  kg,  and  that  it  is  becoming  more  easily 
ibtainable  in  Germany. — Berichte^  xxxvi,  3456.  h.  l.  w. 

4.  A  Method  of  Crystallizing  difficultly  ISoluble  Substances, — 
V.  DE  Shulten  employs  for  the  purpose  under  consideration  a 
)rocess  which  consists  in  mixing,  very  slowly,  hot,  dilute  solutions 
>f  two  substances  which  give  the  substance  sought  by  double 
lecomposition. 

For  example,  a  solution  of  10^  of  BaCl/  2H  O  in  3  liters  of 
vater,  to  which  are  added  300*^*^  of  concentrated  HCl,  is  heated  in 
I  flask  on  a  water-bath,  and  into  this  are  allowed  to  fall  drop  by 
Irop,  at  the  rate  of  one  or  two  drops  per  minute,  2  liters  of  a 
olution  of  sulphuric  acid  containing  2*>'  of  the  acid  per  liter. 
\.fier  24  hours  the  tirst  crystals  of  barite  appear  at  the  bottom  of 
he  flask,  and  they  increase  gradually  without  the  formation  of 
iny  precipitate.  At  the  end  of  a  month  8  or  9^  of  barite  are 
ormed.  By  the  same  process  alumina  is  deposited  in  the  form 
>f  hydrargillite.  The  author  has  obtained  several  other  artificial 
ainerals  in  this  way,  including  celestite,  anglesite,  haidingerite, 
frythrite,  annabergite,  and  scheelite. —  (Jomptes  Refidus,  cxxwi, 
664.  H.  L.  w. 

5.  Fractional  Distillation;  by  Sydney  Young,  12mo,  pp. 
J84.  London,  1903  (Macmillan  and  Co.). — This  book  has  been  pre- 
>ared  with  the  hope  that  the  solution  of  the  difficulties  which  so 
>ften  occur  in  carrying  out  a  fractional  distillation  may  be  ren- 
lered  easier,  and  that  the  value  and  economy  of  highly  efficient 
till-heads  in  laboratory  work  may  come  to  be  more  widely  recog- 
lized  than  is  generally  the  case  at  present.  It  is  an  excellent 
reatise  on  the  subject,  and  chemists  will  find  it  interesting  as 
veil  as  useful.  h.  l.  w. 

0.  EUktrO'MetaUtirgie ;  von  Dr.  W.  Borchers,  Dritte  Auflage, 
5weite  Abtheilung.  8vo,  pp.  289  to  578.  Leipsic,  1903  (S.  Hirzel). 
—The  first  part  of  this  book  was  noticed  in  this  Journal  about  a 
^ear  ago.  The  second  part  now  under  consideration  completes 
he  work.  It  treats  of  silver,  gold,  zinc,  cadmium,  mercury, 
in,  lead,  bismuth,  antimony,  vanadium,  chromium,  molybdenum, 
ungsten,  uranium,  manganese  and  iron,  as  well  as  of  carbides  and 
ilicides.  The  work  is  a  very  important  and  valuable  contribu- 
ion  to  the  theoretical  and  practical  knowledge  of  this  rapidly- 
leveloping  branch  of  industry.  h.  l.  w. 

7.  A  Nevo  Form  of  Galvanometer. — One  hardly  expects  to 
ind  in  the  description  of  new  galvanometers  a  radical  departure 
rom  old  types,  yet  the  instrument  devised  by  W.  Einthoven  of 
he  physiological  laboratory  of  the  University  of  Leyden  justi- 
168  the  title  of  a  new  galvanometer.  It  consists  of  a  silvered 
[uartz  fiber  of  extremely  small  diameter,  2*1 /Lt  diameter,  which  is 
tretched  between  the  poles  of  a  magnet.     When  the  magnetic 
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field  ie  exotted  the  filament  moves  out  of  the  field  and  the  more- 
ment  is  read  by  a  micro§cope.  The  author  was  led  to  devise  tlit 
inHtrument  from  a  consideration  of  the  elements  which  enler  into 
the  law  for  the  normal  sen  ai  liven  ess  of  &  galvanometer.  It  was 
seen  that  a  mirror,  however  small,  limited  the  possible  sensitive- 
ness.  The  quartz  fiber  was  stretched  between  the  poles  of  a  mag- 
net of  la-S""  height,  which  enclosed  a  field  of  from  20,000  to 
23,000  e.  g.  s.  The  poles  are  bored  in  order  to  light  the  fiber 
and  also  to  allow  the  use  of  a  microscope.  Bj  means  of  a  slit  at 
right  angleti  to  the  axis  of  this  boring,  it  was  possible  to  photo- 
graph the  excnrsions  of  the  fiber  under  varying  currents.  Photo- 
graphs of  these  osoilJations  are  given.  The  microscope  employed 
magnified  BOO  times.  The  period  of  nwing  is  very  short;  in  a 
case  mentioned  by  the  author  only  0004  sec.  The  sensitiveness 
is  from  100  to  200  times  that  of  the  most  sensitive  instrDmenl 
(Panze  galvanometer  of  Rubons)  hitherto  constructed.  The 
instrument  is  not  affected  by  jars  and  vibrations  to  which  other 
galvanometers  are  subject,  and  would  seem  to  be  of  great  use  in 
the  detection  of  minute  currents,  or  rapidly  varying  carrents, 
which  are  studied  in  physiological  investigations. — Ann.  der 
Phyaik,  No.  !3,  1903,  pp.  1059-1071.  J.  t. 

8.  The  Magnetic  Properties  of  Syntemit  of  Corpitacleg  detorih- 
inff  Circular  Orbits.— This  paper  by  Prof.  J.  J.  Thomson  is 
mathematical  and  not  experimental.     The  problems  discussed  are: 

(1)  The  magnetic  field  due  to  a  number  of  negatively  electrified 
corpuscles  situated  at  equal  intervals  round  the  circumference  of 
a  circle  and  rotating  in  one  plane  with  uniform  velocity  round  its 
center, 

(2)  The  effect  of  an  external  magnetic  field  on  the  motion  and 
periods  of  vibration  of  such  a  system. 

These  problems  are  met  with  when  we  attempt  to  develop  the 
theory  that  the  atoms  of  the  chemical  elements  are  bnilt  up  of 
large  numbers  of  negatively  electrified  corpuscles  revolving  around 
the  center  of  a  sphere  filled  with  uniform  positive  eleotnti cation. 
The  mathematical  analysis  shows  that  when  the  velocity  of  the 
particle  is  small  compared  with  V,  the  velocity  of  light,  the  rate 
at  which  energy  radiates,  diminishes  very  rapidly  as  the  uamberof 
particles  increases.  It  is  also  shown  that  a  body  whose  atoms 
contain  systems  of  rotating  particles  is  not  necessarily  magnetic, 
and  that  we  cannot  explain  the  magnetic  or  diamagnetic  proper- 
ties of  bodies  by  the  supposition  that  the  atoms  consist  of 
charged  particles  describing  closed  periodic  orbits  under  the 
action  of  a  force  proportional  to  the  distance  from  a  fixed  point. 
We  cannot  explain  the  magnetic  properties  of  bodies  by  means 
of  charged  particles  describing,  without  dissipation  of  energy, 
closed  orbits.  When  there  is  dissipation  of  energy  the  particle! 
may  possess  magnetic  properties. 

In  discussing  this  point,  Thomson  remarks  that  if  the  energy  of 
projection  were  derived  from  the  internal  energy  of  the  atom, 
there  would  be  a  continual  transference  of  energy  from  the  atom 
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the  surrounding  systems;  this  would  tend  to  raise  the  tem- 
rature  of  the  system.  He  proposes  to  test  the  question  whether 
.'  temperature  in  the  middle  of  a  mass  of  a  magnetic  substance 
e  iron,  whose  surface  is  kept  at  a  constant  temperature,  differs 
»ni  the  temperature  inside  a  mass  of  a  non-magnetic  substance 
e  brass,  whose  surface  is  kept  at  the  same  temperature. — Phil, 
a^.,  Dec,  1903,  pp.  673-693.  j.  t. 

9.  Luhoratory  Physics,  A  Student's  Manual  for  Colleges  and 
[entitle  Schools;  by  D.  C.  Miller.  Pp.  xv-f  403.  New  York, 
33  (Ginn  &  Co.). — This  is  a  book  to  be  highly  commended.  The 
periments  given  with  the  object  of  teaching  manipulation  are  not 
>  trivial  as  it  is  too  often  the  case,  and  those  given  to  illustrate 
demonstrate  principles  are  not  too  intricate  or  difficult  for  the 
ide  of  students  for  which  the  book  is  written.  The  introductory 
narks  on  observations,  errors,  corrections,  probable  error,  signifi- 
it  figures,  graphical  methods,  etc.,  are  admirably  done.  The  book 
jept  within  a  reasonable  compass  by  means  of  giving  the  theory 
the  experiments  for  the  most  part  in  references.  In  order  for 
s  method  to  work  satisfactorily,  an  adequate  quiz  system  must 
company  the  laboratory  work.  This  is  in  line  with  the  author's 
a  to  make  the  laboratory  an  intimate  and  not  a  separate  part 
the  general  instruction  in  physics.  He  advises  that  more  than 
f  of  the  whole  time  spent  on  physics  be  given  to  lectures  and 
itations.  This  idea  of  the  unity  of  the  subject  is  one  which 
J  prevalence  of  the  elective  system  in  this  country  has  tended 
obscure.  The  separation  between  experimental  and  theoretical 
ysics  is  intellectually  vicious,  though,  unfortunately,  often  made 
our  colleges.  Hence  it  is  doubly  a  pleasure  to  welcome  a  book 
it  aims  to  aid  in  the  teaching  in  the  laboratory  of  that  part  of 
joretical  physics  which  can  advantageously  be  so  taught;  and 
D  to  teach  "Experimental  Physics"  as  if  it  had  a  separate 
stence. 

The  book  closes  with  an  adequate  set  of  tables  of  physical  cou- 
nts, etc.,  though  why  such  a  useless  table  of  trigonometric  f unc- 
ns  should  be  included  is  hard  to  see.  l.  p.  w. 

10.  Physical  Laboratory  Manual  for  Secondary  Schools;  by 
E.  Coleman.  Pp.  234.  New  York,  1903  (American  Book  Co.). 
rhis  appears  to  be  an  excellent  example  of  this  class  of  manual, 
irenty-seven  exercises,  of  which  about  two  thirds  are  quantita- 
e,  are  outlined.  Of  these  some  forty  or  fifty  are  suggested  as 
rering  the  usual  ground  of  the  laboratory  courses  of  secondary 
lools,  thus  leaving  considerable  margin  of  choice  in  experiments 

the  teacher.  The  directions,  as  far  as  examined,  seem  to  be 
ar  and  concise.  The  attention  paid  to  the  computation  of  per- 
itage  errors  in  data  and  result  is  especially  to  be  commended. 
e  main  adverse  criticism  to  be  made  on  the  book  is  one  that 
plies  to  the  majority  of  its  class,  namely,  that  the  teaching  of 
intitative  relations  by  means  of  equations  is  practically  ignored. 
hy  is  mathematical  reasoning,  one  of  the  most  fundamental 
1  important  methods  of   reasoning  known  to  physics,  entirely 
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slighted  in  books  like  thit'?  Such  otnitsions  cannot  fftil  tn 
foster  in  the  minds  of  the  student  the  false  notion  that  in  «oine 
war  experimental  physics  has  a  separate  oniatence  from  tbeoreii- 
oal  physics.  i„  r.  ^v. 

11.  KUmeiiU  of  Btectromoffnetic  Theory:  by  S.  J.  Barxktt, 
New  York,  1903  (The  Macmillan  Company).— This  is  a  syatem- 
alic  irealmenl  of  the  elements  of  electro magDOtic  theory  with  its 
Nimpler  non-tediiiioal  applications.  The  Enj^lish  attitude  of 
making  the  concepts,  with  which  one  hax  to  deal,  real  physical 
entities  by  the  use  of  "lubes"  and  mechanical  ethers  is  empha- 
sized.  We  note  that  the  author  uses  the  rational  nnitsi  of  Ueavi- 
side.  The  large  number  of  figures  enliven  the  text  and  the 
numerous  references  to  original  memoirs  and  advanced  treatises 
materially  add  to  the  value  of  the  work  for  the  really  serious 
student.  The  closing  chapters  on  couveetioii  and  displacement 
currents,  flu«  of  electro- magnetic  energy,  and  electric  waves  puis 
the  student  into  a  position  to  read  with  profit  the  modem 
theories  of  light  and  of  disturbances  in  the  ether  in  general. 
The  work  has  long  been  needed  and  is  a  welcome  addition  to  our 
literature  on  mathematical  physics.  s.  b.  w. 

II.     Geology  and  Mineralogy. 

I.  United  States  Geological  Survey,  C.  D.  Wai-cott,  Director. 
— The  following  puhlientions  have  recently  been  received  : 

Folio  No,  ftS.  Columbia,  Tenn.  ;  hy  C.  Will^ud  Haves  and 
EnwMii.  O.  ri.Ri.ii.  Th,.  r.'iiiMihia'  ,iiiridraii<:l.-  is  located  o.i 
the  western  margin  of  the  Uentra!  Basin  of  Tennessee  and  shows 
the  topography,  structure  and  sedimentary  record  of  the  Cincin- 
nati arch  on  the  wextem  flank  of  which  it  is  located.  The  sedi- 
ments are  Silurian  and  Carboniferous  separated  by  a  thin  bed  of 
Chattanooga  shale  (Devonian).  Commercially  this  region  is  of 
great  interest  because  of  the  presence  of  rock  phosphates.  Ten 
phosphate  horizons  are  recognized  in  Ordovician  and  Devonian 
strata.  The  Ordovician  phosphatic  limestones  were  deposited  in 
very  Rhallow  water  and  made  almost  wholly  from  phosphatic  shells 
of  mollusks, "  which  seemto  have  flourished  almost  to  the  exol'iaion 
of  the  more  characteristic  elements  of  the  Ordovician  fanna." 
The  brown  phosphate  of  commerce  is  the  result  of  the  leaching 
to  which  these  rocks  have  been  and  are  now  subjected.  The 
Devonian  phosphate  rocks  are  partly  due  to  animals  then  living 
but  largely  to  the  residua!  mantle  overlying  the  weathered  Ordo- 
vician limestones. 

The  addition  of  a  fannal  chart  and  of  a  sheet  illustrating  the 
fossil  fauna  which  appears  in  this  folio  is  to  be  commended. 

Folio  No.  96,  Olivet,  South  Dakota;  by  J.  E.  Todd.  The 
Olivet  quadrangle  includes  part  of  the  James  River  Valley  and 
its  features  are  those  of  very  subdued  glacial  lopngraphy.  With 
the  exception  of  a  very  few  small  outcrops  of  Benton  and  Colo- 
rado (Cretaceous),  the  entire  region  is  mantled  by  drift  of  the 
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Visconsin  stage.  Two  systems  of  well-marked  moraines  are 
hown.  As  a  study  of  simple  glaeiation  and  of  water  conditions 
his  folio  occupies  a  unique  place. 

Bulletin  No.  217.  Notes  on  the  Geology  of  Southwestern 
daho  and  Southeastern  Oregon;  by  Israel  C.  Russell.  80  pp., 
8  pis.,  2  figs. 

Taken  in  connection  with  Bulletin  No.  199  and  Water  Supply 
^aper  No.  78,  the  publication  of  Professor  Russell's  recent  work 
fives  a  fairly  complete  account  of  the  general  geological  rela- 
ions  of  the  interesting  Idaho-Oregan  arid  region.  Malheur 
^ake  (a  water  body  135  square  miles  in  area  and  less  than  10  ft. 
leep  !)  is  not  a  remnant  of  a  larger  lake  but  is  caused  by  a  lava 
lam.  The  volcanic  phenomena  of  this  region  is  particularly 
nteresting.  Details  of  structure,  of  character  of  flows,  cones, 
>ombs,  are  described  and  illustrated.  Many  of  the  bombs  were 
lot  formed  by  rotation  in  air.  Besides  the  recent  volcanics,  Ter- 
iary  lake  beds  and  lavas  occur  in  this  area. 

Water  Supply  and  Irrigation  Paper  No.  85.  Report  on 
■^roprress  of  Stream  Measurements  for  the  Calendar  year  1902  ; 
►y  F.  H.  Newell.  Part  IV.  Interior  Basin,  Pacific  Coast  and 
iudson  Bay  Drainage.     239  pp.,  2  maps. 

No.  86.  Storage  Reservoirs  on  Stony  Creek,  California  ;  by 
5uRT  Cole.     60  pp.,  15  pis.,  38  figs. 

2.  New  York  State  Museum^  F.  J.  H.  Merrill,  Director,  has 
ecently  issued  the  following  publications  : 

Bulletin  No.  66.  Index  to  Publications  of  the  New  York 
Itale  Natural  History  Survey  and  the  New  York  State  Museum ; 
►y  Mary  Ellis  ;  pp.  239-653.  An  Index  has  been  made  to  the 
mblications  of  the  New  York  Survev  and  related  scientific 
»rganizations  covering  the  years  1837-1902.  The  arrangement 
^ves  :  a  list  of  publications ;  author  index  ;  subject  index  ;  index 
o  descriptions  of  fossils.  This  bulletin  renders  readily  accessible 
he  scientific  data  distributed  in  an  apparently  haphazard  way 
hrough  various  New  York  reports. 

Map  op  the  State  of  New  York  showing  surface  configu- 
ation  and  watershed.  This  map,  drawn  on  a  scale  of  12  miles  to 
he  inch,  is  especially  valuable  for  the  physiographer  and  for  use 
D  schools. 

3.  Geology  of  Worcester^  Mass.  ;  by  Joseph  H.  Perry  and 
5.  K.  Emerson.  159  pp.,  fully  illustrated.  Published  by  the 
Vorcester  Natural  History  Society.- — Mr.  Perry  has  for  several 
ears  been  assisting  Prof.  Emerson  in  mapping  the  metamorphic 
ocks  of  Worcester  County  under  the  direction  of  the  U.  S.  Geo- 
3gical  Survey  and  has  now  published  part  of  the  results  of  this 
rork.  Because  of  the  nature  of  the  region,  mineralogical  and 
•etrographical  descriptions  constitute  the  greater  part  of  the 
ook.  Geologists  will  be  interested  in  the  descriptions  and  excel- 
^nt  illustrations  of  Lepidodendron  acuminatum^  the  only  fossil 
et  found  over  a  wide  area  in  Massachusetts  and  Connecticut, 
^he  occurrence  of  this  fossil  shows  the  Worcester  phyllite  to  be 
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of  Carboniferous  age  and  gives  a  starting  point  in  geologiol 
chronology  for  the  variable  metaraorphioB  east  of  the  Conneoii- 
cul  Valley  TriasBic. 

4.  The  Paleontology  and  Slratigrafihj/  of  the  Marine  Plio- 
aene  and  Plei'gtocene  of  San  Pedro,  California;  by  Ralpa 
Arnold.  Mem.  California  Auad.  Sci.,  vol.  iii,  420  pp.,  37  pU., 
Jane,  1803. — Mr.  Arnold  bas  produced  an  admirable  monograph 
on  the  later  fofisil  faunas  of  the  Catiforuia  coast.  The  investira- 
lion  was  carried  on  under  the  supervision  of  Professor  J.  P. 
Smith  of  Leland  Stanford  University  and  is  based  upon  tbu 
study  of  six  large  collections  of  the  fossils  discussed,  408  spcciM 
of  which  are  cited.  The  chief  sections  studied  are  at  Sail  Uiego, 
San  Pedro,  Ventura,  Santa  Barbara  and  Lake  Merced,  and  repre- 
sent strata  from  150  to  5360  feel  in  thickness. 

The  formations  recognized  are  the  Merced  series,  chiefly  Plio- 
cene, and  the  lower  and  upper  San  Pedro  of  Pleistocene  age. 

The  Pliocene  species  are  87  in  all,  of  which  63'1  per  cejii  are 
DOW  living  at  San  Pedro  ;  18'5  per  cent  of  the  whole  fauna  zrr 
species  living  only  north  of  San  Pedro,  and  no  species  only  south 
of  that  point.  Of  the  247  species  from  the  lower  San  Pwlro 
beds  (Pleistocene),  64  per  ctnt  are  living  at  San  Pedro,  17'4  per 
cent  only  north  and  3'2  per  cent  only  south  of  that  point. 

Of  the  '^52  species  from  the  typioal  beds  of  the  upper  San 
Pedro  (Pleistocene)  682  per  cent  are  living,  61  per  uent  live 
only  north  and  14'a  per  cent  only  south  of  San  Pedro.  From 
these  facts  the  author  concludes  "that  during  the  latter  part  of 
the  Pliocene  epoch  the  climate  was  much  colder  on  the  coast  of 
Southern  California  than  at  the  present  time,"  p.  65  ;  "  that  cli- 
matic conditions  were  changing  from  boreal  toward  tropical  dar- 
ing the  time- of  the  deposition  of  the  lower  San  Pedro  series,  but 
that  boreal  conditions  still  preponderated,"  p.  66.  "The  evidence 
offered  by  the  upper  San  Pedro  fannas  leads  to  the  conclaaioa 
that  semitropical  conditions  prevailed  during  the  deposition  of 
this  formation.  The  similarity  of  the  fauna  of  these  beds  with 
that  now  living  at  San  Pedro  and  the  adjacent  coast,  makes  it 
probable  that  the  conditions,  although  more  tropical  than  those 
of  the  present  time,  were  not  extremely  tropical,"  p.  87. 

A  comparison  of  the  Japanese  with  the  Californisn  cout 
species,  fossil  and  living,  shows  that  great  similarity  exists 
between  the  late  Tertiary  and  Pleistocene  marine  invertebrate 
fauna  of  Japan  and  that  of  the  western  coast  of  the  United 
States  ;  and  the  living  faunas  of  the  Japanese  and  West  Americao 
coasts,  though  having  many  species  in  common,  are  not  so  closely 
related  as  are  the  upper  Tertiary  and  Pleistocene  faunas  of  tbf 
same  region.  b.  b.  w. 

5.  PoBtglacial  and  Tnterglacial  (f)  Changet  of  Z^od  at 
Cape  Ann,  MaaaachuselU ;  by  R.  S.  Take.  With  a  N^ot«  ou 
the  £Ueoated  Beaches;  by  J.  B.  Woodwokth.  Bull.  Mub.  Comp. 
ZooL  xlii,  pp.  181-11)6,  13  pis. — Evidences  of  several  kinds  indi- 
cate that  Cape  Ann  ha><  been  depressed  to  a  level  at  least  40  to 
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>  feet  lower  than  the  present.  Beds  of  crumpled  and  faulted  clays 
/"erlaid  by  till  and  underlaid  by  gravels  lie  25-30  feet  above 
ean  sea  level  and  "there  is  little  reason  to  doubt  their  iuter- 
laeial  age."  Professor  Woodworth  finds  evidences  of  strong 
ave  action  as  high  as  80  feet  above  the  sea  and  concludes  that 
larine  action  rather  than  glacial  lake  waters  was  concerned  in 
18  beach  making. 

6.  Latest  and  Lowest  Pre- Iroquois  Channels  between  Syracuse 
nd  Homey  New  York;  by  H.  L.  Fairchild.     21st  Report  New 

ork  State  Geologist,  pp.  233-247,  pis.  7-31.— The  level  water- 
laned  stretches  utilized  bv  the  New  York  Central  R.  R.  from 
vracuse  to  Rome  and  bv  the  Erie  Canal  between  Syracuse  and 
anastota,  were  formed  bv  rivers  between  the  ice  front  and  the 
igh  ground  on  the  south.  The  description  and  elaborate  illustra- 
on  of  these  channels  will  be  appreciated  by  teachers  of  geology 
specially. 

7.  Contributions  to  the  Tertiary  Fauna  of  Florida,  etc,;  by 
V.  H.  Dall.  Part  VI,  pp.  xi,  1219-1654,  with  plates  xxviii-lx. 
Philadelphia,  October,  1903. — This  volume,  appearing  as  vol.  Ill, 
'art  VI  of  the  Transactions  of  the  Wagner  Free  Institute  of 
cienceof  Philadelphia,  forms  the  concluding  portions  of  Mr.  Dall's 
reat  work  on  the  Tertiary  Fauna  of  Florida,  repeatedly  noticed 
I  this  Journal.  The  author  and  the  scientific  public  are  to  be 
like  congratulated  upon  the  successful  completion  of  so  import- 
nt  a  labor  and  no  small  measure  of  thanks  are  due  to  the  Wagner 
nstitute  for  its  liberal  support. 

8.  Spinel  Ticins  of  Pyrite ;  by  Wm.  Nicol.  (Communicated.) 
-Some  time  since,  the  writer  found  among  a  number  of  brilliant 
yrite  crystals  from  French  Creek,  Pa.,  bought  from  Ward's 
^ientific  establishment  at  Rochester,  two  small  ones  which  were 
vidently  "  spinel  twins."  In  size  the  crystals  were  about  2™°*  in 
iameter.  They  were  found  embedded  in  calcite  and  associated 
^ith  bvssolite.  In  both  cases  the  two  twinned  individuals  were 
qually  developed  octahedrons  showing  the  usual  distortion,  viz  : 
attening  parallel  to  the  twinning  plane.  The  faces  when 
bserved  on  the  Goldschmidt  two-circle  goniometer  gave  signal 
jflections  with  fairly  good  measurements,  which  showed  with- 
ut  doubt  that  the  requirements  of  the  spinel  law  were  complied 
rith.  In  a  later  number  of  this  Journal  the  details  of  the  obser- 
ations  will  be  communicated.  As  far  as  I  can  ascertain,  the 
pinel  law,'  by  far  the  most  common  twinning  law  in  the  regular 
jrstem,  has  not  yet  been  observed  in  the  case  of  pyrite,  there- 
ore  it  may  be  of  interest  to  know  that  its  existence  has  been 
roved  beyond  doubt. 

9.  Ramosite  not  a  Mineral ;  by  Lea  McI.  Luquer.  (Com- 
lunicated.) — The  doubtful  mineral  Ramosite  occurring  in  peb- 
les  in  alluvium  from  San  Luis  Potosi,  Mexico,  originally  described 
y  Perry  in  the  Transactions  of  the  American  Institute  of  Mining 
<ngineers  in  1884  (vol.  xii,  628),  has  been  carefully  reexamined 
dth  the  following  results. 
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Sections  were  obtained  with  great  difficulty  on  aoooQDt  of  the 
extreme  hardness  and  brittleness,  but  proved  the  material  to  be 
greenish  by  transmitted  light,  non-pleochroic  and  isotropic  and 

Sve  no  indication  of  crystalline  stractare.  Irregular  fracture 
es  were  common,  sometimes  approaching  in  appearanoes  cleav- 
ages, and  many  minute  shot-like  grains  of  an  iron-stained  decom- 
posed mineral  were  noticed. 

The  region  in  which  the  material  occurs  is  volcanic,  and  the 
ver^  marked  vesicular  structure  and  conchoidal  fracture  would 
indicate  a  volcanic  scoria.  The  hardness  from  8-9  is  unusual, 
but  basic  scorias  from  the  Sandwich  Islands  and  elsewhere  have 
shown  a  hardness  from  6-7,  greater  than  that  of  ordinary  obeidian. 
The  recorded  analysis,  for  which  no  great  accuracy  is  claimed, 
shows: 

SiO.  FetOt  AltO.  CaO  MgO  MnO. 

46*82  18-00  9*19  17*74  18*18  traee  =  99*88, 

corresponding^  rather  doselv  to  formula  R,0,.4R0.5SiO^  The 
material  qualitatively  resembles  garnet,  but  quantitatively  differ* 
widely;  thus  removing  the  possibility  of  it  being  a  kind  of 
garnet  (as  suggested  bv  Dana). 

The  analysis  of  a  tachylyte  from  Oethurms,  Oermany,  by  Lem- 
berg,*  shows: 

SiO,       Fe,0.       A1,0.       CaO       MgO       KtO        NtO        Lom 
45*78       12*46       2015       8*67       8*59       411        5*74         0*12  =  100*57, 

as  low  in  SiO,  as  the  supposed  Ramosite. 

The  evidence,  therefore,  shows  the  material  to  be  not  a  min- 
eral^ but  a  basic  scoria  of  unusual  hardoess  and  composition. 

Department  of  Mineralogy, 

Columbia  University,  N.  Y.,  Nov.  4,  1903. 

10.  List  of  New  Vork  Mineral  Localities ;  by  H.  P.  Whit- 
lock.  Bulletin  70,  Mineralogy  3,  New  York  State  Museum, 
F.  J.  H.  Merrill,  Director.  Pp.  108,  Albany,  1903.— This  Bulle- 
tin will  be  found  of  much  value  by  workers  in  mineralogy.  It 
gives  a  carefully  edited  list  of  the  species  which  have  been  found 
at  various  points  in  the  state.  The  places  are  arranged  under 
the  separate  counties,  and  the  tables  indicate  the  method  of 
occurreuce,  the  mineralogical  association  of  the  specimens,  etc. 
In  addition  to  the  general  introduction,  a  bibliography  of  two 
hundred  and  thirty-one  numbers  is  given,  to  which  references  arc 
made  in  the  tables. 

III.    Miscellaneous  Scientific  Intelligence. 

1.  International  Cataloff  1(6  of  Scientific  Literature, — The  his- 
tory and  plan  of  the  International  Catalogue  of  Scientific  Litera- 
ture have  been  already  given  in  this  Journal  (v.  xiv,  317,  1902), 
and  some  of  the  volumes  issued  have  been  noticed  (v.  xv,  490, 
1902).     It  is  gratifying  to  be  able  to  record  the  further  progress 

*Zeit8cbr.,  d.d.  Geo!.,  Gesell.,  xxxv,  570. 
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of  this  important  enterprise,  and  the  publication  of  an  additional 
series  of  volumes  of  the  first  annual  issue,  that  is  for  the  year 
1901.  These  include  the  following:  D,  Chemistry,  Part  II, 
pp.  671 ;  G,  Mineralogy,  including  Petrology  and  Crystallo- 
graphy, pp.  208;  J,  Geography,  pp.  268;  H,  Geology,  pp.  220; 
K,  Paleontology,  pp.  170  ;  L,  General  Biology,  pp.  144  ;  P, 
Physical  Anthkopology,  pp.  224;  O,  Human  Anatomy,  pp. 
212  ;  Q,  Physiology,  including  Experimental  Physiology,  Phar- 
macology and  Experimental  Pathology,  Part  II,  pp.  664.  There 
is  also  a  volume  of  312  pages  given  to  a  List  of  Journals. 

it  is  to  be  regretted  that  thus  far  no  Government  aid  has  been 
obtained  for  this  great  work,  and  hence  its  prosecution  would 
have  been  rendered  impossible  in  this  country  had  it  not  been 
taken  up  by  the  Smithsonian  Institution.  At  first  only  limited 
means  were  at  its  disposal,  but  beginning  with  July  1,  1903,  a 
larger  sum  of  money  is  devoted  to  it,  increasing  materially  the 
force  of  workers.  This  will  make  it  possible  to  carry  on  the 
work  more  promptly,  and  to  fill  up  what  omissions  have  occurred 
from  January,  1901,  to  the  present  time.  It  is  stated  that  this 
country  leads  in  the  number  of  subscribers,  the  total  being  ninety- 
six,  equivalent  to  seventy  complete  sets,  for  which  the  yearly 
subscription  is  eighty-five  dollars.  It  is  highly  to  be  desired  that 
this  relatively  good  showing  should  be  much  increased,  as  the 
enterprise  is  one  of  very  great  importance  to  workers  in  science 
and  should  have, general  support,  particularly  from  the  libraries. 

2.  JVdtional  Academy  of  ISciences,  —  The  following  is  a  list  of 
the  papers  presented  at  the  recent  meeting  of  the  National 
Academy  in  Chicago  (vol.  xvi,  475). 

T.  C.  Chamberlin  :  Preliminary  report  on  the  Agassiz  data  relative  to 
tindergrotind  temperatures  at  the  Calumet  and  Hecla  mine. 

C.  E.  DuTTON :  The  velocities  of  earthquake  vibrations  and  their  signifi- 
cance. 

A.  P.  Mathkws  :  The  relation  between  solution  tension  and  physiological 
action  of  the  elements. 

S.  W.  WiLLiSTON  :  On  the  distribution  and  the  classification  of  the  Plesio- 
saurs. 

C.  O.  WnriMAN  :  The  evolution  of  the  wing-bars  in  pigeons. 

Chas.  B.  Davenport  :  Evolution  without  mutation. 

J.  McK.  Cattbll  :  The  measurement  of  scientific  merit. 

J.   Stieolftz  :  Stereoisomeric  nitrogen  compounds. 

Charles  Baskebville  :  On  the  recent  investigations  of  the  rare  earths  in 
the  laboratory  of  the  University  of  North  Carolina. 

E.  E.  Barnabd  :  Some  peculiarities  of  comets'  tails,  and  their  j)robable 
explanation. 

Edwin  B.  Frost  :  Stars  of  the  Orion  class. 

George  £.  Hale  :  On  the  nature  of  the  solar  flocculi. 

Gso.  C.  CoMSTOCK  :  The  relation  of  stellar  magnitude  to  stellar  distances. 

A.  A.  Michelson  :  Spectra  of  imperfect  gratings. 

Stephen  Moulton  Babcock  :  The  relations  of  weight  and  energy. 

C.  S.  Slighter  :  The  propagation  of  ground  water  waves. 

William  H.  Brewer  :  Biographical  memoir  of  Sereno  Watson. 

3.  Astronomical  Observatory  of  Harvard  College,  Edward  C. 
PiCKBBiNO,  Director. — Recent  publications  from  the  Harvard 
Observatory  include  the  following:  Annals  volume  XLVI,  Parti, 
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and  Comparison  Stars;  VII,  Meridian  Circle  Observations  of 
Nova  Persei  No.  2  and  Comparison  Star^  ;  VIII,  Intensity  of 
Atmospheric  Lines  in  the  Solar  Spectrum.  Volnme  LI,  A  Pho- 
tograpnic  Atlas  of  the  Moon  by  William  H.  Pickering.  Also 
Circular  No.  72,  Intensity  of  Spectral  Lines  and  No.  73,  Opposi- 
tion of  Eros  (433)  in  1906.  ^^ 

The  Photographic  Atlas  of  the  Jtfoon,  by  Professor  W.  H. 
Pickering,  is  a  notable  work,  giving,  as  it  does,  the  first  complete 
representation  of  this  kind.  The  work  was  carried  on  at  the 
Observatory  at  Mandeville,  Jamaica,  beginning  in  1900.  The 
telescope  employed,  constructed  especially  for  the  purpose,  had  t 
12-inch  objective  (30^»)  and  a  photographic  focus  of  185  ft 
4  inches  (4126^*)  so  that  a  scale  of  5  seconds  to  1"^  was  obtained 
The  length  of  focus  required  that  the  tube  should  be  fixed  and 
the  objective  viewed  in  the  movable  mirror.  The  results  are 
given  m  a  series  of  eighty  beautiful  plates,  each  of  the  sixteen 
portions  of  the  surface  being  represented  for  five  periods  between 
sunrise  and  sunset,  thus  exhibitmg  the  changes  in  appearance  dne 
to  differences  in  lighting.  One  point  of  interest  brought  out  is 
the  variation  observed  at  different  times  due  to  varying  amoanti 
gf  snow  and  frost  in  certain  of  the  craters.  Variation  attributed 
to  patches  of  vegetation  was  also  observed  wjthin  some  of  the 
craters.  For  the  discussion  of  this  and  other  matters  of  interest 
reference  must  be  made  to  the  original  work. 

4.  JBeitrdge  zur  chemischen  Physiologies  herausgegeben  von 
F.  HoFMEisTER.  IV  Band,  1-8  Heft.,  1903.  Braunschweig 
(Vieweg  und  Sohn). — The  student  of  the  chemistry  of  the  pro- 
teids  will  continue  to  find  a  large  number  of  the  contributions  in 
the  Beitrdge  devoted  to  this  department  of  physiological  research. 
Special  reference  may  be  made  here  to  papers  by  Gamgee  and  his 
coworkers  on  the  optical  activity  of  various  albuminous  com- 
pounds. Several  of  the  latter  are  found  to  be  markedly  dextro- 
rotatory, whereas  the  simple  proteids  are  known  to  be  laevorota- 
tory.  Digestive  processes  and  enzymes  receive  attention  in 
several  papers ;  and  two  sulphur  compounds,  taurin  and  cystin, 
which  possess  considerable  physiological  interest,  are  made  the 
subject  of  investigations  reported  from  Hofmeister's  laboratory. 
In  addition  to  these  there  are  papers  on  the  precipitins;  on  crotin 
and  ricin;  and  several  communications  on  the  lymphatic  tissues 
by  Bang,  in  addition  to  briefer  notes  on  various  experimental 
topics.  L.  B.  M. 

Obituary. 

Herbert  Spencer,  one  of  the  deepest  thinkers  of  his  time, 
whose  philosophy  has  had  a  profound  influence  upon  the  intel- 
lectual men  of  all  nations,  died  on  December  8  at  the  age  of 
eighty- three  years. 
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Abt.  VIII. — On  the  Properties  of  a  Radio  active  Gas  found 
in  the  Soil  and  Water  near  New  Haven;  by  H.  A.  Bum- 
stead  and  L.  P.  Wheeler. 

In  the  October  number  of  this  Journal,  the  writers  pub- 
lished a  brief  note  concerning  a  radio-active  gas  which  had 
been  found  in  the  surface  water  near  New  Haven,  in  the 
course  of  some  experiments  which  had  been  undertaken  at  the 
request  of  Professor  J.  J.  Thomson.  It  was  stated  that  the 
gas  obtained  from  water  liad  the  same  properties  as  that  which 
was  drawn  from  a  few  feet  below  the  surface  of  the  ground ; 
and   that  both  these  gases,  so  far  as  the  ex  peri-  ^ 

ments  had  gone  at  that  time,  seemed  to  be 
identical  with  the  gaseous  emanation  from 
radium  discovered  by  Dorn.  The  purpose  of 
the  following  investigation  was  a  more  care- 
ful and  direct  comparison  of  these  ''natural" 
radio-active  gases  with  the  radium  emanation, 
in  order  to  find  out  whether  they  contained 
a  small  proportion  of  some  otiier  active  con- 
stituent. 

As  in  Professor  Thomson's  experiments,  the 
gas  was  obtained  from  the  water  by  boiling  and, 
as  it  was,  at  best,  rather  feebly  radio-active,  it 
was  desirable  to  prevent  its  dilution  with  air  as 
much  as  possible.  The  method  finally  used 
is  suflBciently  indicated  in  fig.  1,  and  proved 
to  be  very  convenient.  It  was  suggested  by 
Professor  W.  G.  Mixter,  to  whom  we  are  also  indebted 
for  several  other  valuable  suggestions  and  for  many  kind- 
nesses.     The  earlier  tests   of   the  gas  were  made   by  means 
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oi  a  gold-leaf  electroscope  of  C.  T.  R.  Wilson's  pattern,  in 
which  the  leaf  is  supported  by  means  of  a  sulphur  bead  from 
a  rod  kept  charged  to  a  potential  at  least  as  high  as  that  of  the 
leaf ;  so  that  any  leak  of  electricity  from  the  leaf  must  be 
through  the  gas  and  not  over  the  support.  A  number  of  con- 
trol experiments  showed  that  the  observed  activity  was  not 
due  to  the  vessels  or  drying  tubes  used,  nor  to  the  city  supply 
pipes  through  which  the  water  reached  the  laboratory ;  and 
the  fact  that  water,  once  boiled,  did  not  recover  to  any  appre- 
ciable extent  its  power  to  give  off  a  radio-active  gas  when  left 
to  stand,  either  stoppered  or  unstoppered,  for  two  weeks 
showed  that  the  presence  of  the  gas  was  not  due  to  contact 
w^ith  the  air,  nor  to  a  dissolved,  or  suspended,  radio-active 
solid.  The  latter  conclusion  was  strengthened  by  our  inability 
to  find  any  evidence  of  radio-activity  in  the  solid  residue  left 
on  evaporating  the  water.  As  rain  water  does  not  contain  a 
radio-active  gas  (although  it  does  contain  an  active  solid  resi- 
due), the  only  hypothesis  which  seemed  to  be  left  to  account 
for  the  presence  of  the  gas  in  this  surface  water  was  that  the 
water  had  come  in  contact  with  the  gas  in  its  passage  through 
the  ground  and  had  dissolved  some  of  it.  Accordingly  a  piece 
of  gas-pipe  was  driven  about  1*5  meters  into  the  earth  and  its 
top  connected  by  a  rubber  tube  to  a  flask  tilled  with  water ; 
on  allowing  the  water  to  run  out,  the  flask  became  filled  with, 
the  gas  from  under  ground  which  was  then  introduced  into 
tlie  electroscope  and  tested  a.s  before.  It  proved  to  be  much 
more  active  than  the  gas  from  water  (tliree  or  four  times  for 
ecjual  volumes)  and  as  it  was  very  easily  obtainable  in  as  large 
quantities  as  one  wished,  it  was  much  more  convenient  to 
work  with. 

In  order  to  compare  it  with  the  water-gas  the  rate  of  decay 
of  the  activity  of  both  gases  was  observed.  For  this  purpose 
an  electroscope  was  made  iis  nearly  air-tight  as  possible  by 
the  use  of  solder,  sealing-wax  and  asplialtum  varnish,  and  by 
regrinding  the  brass  cocks  with  which  it  was  provided ;  after 
some  difhculty  it  was  made  so  tight  that,  upon  being  partially 
exiiausted,  it  would  lose  less  than  one-half  per  cent  of  its 
exhaustion  in  2-1:  hours.  When  either  gas  was  introduced  into 
this  electroscope,  an  initial  rise  of  activity  occurred  lasting  for 
about  O'l  day,  followed  by  a  rc^^ular  decay  according:  to  an 
exponential  law  in  which  the  activity  fell  to  one-half  its  value 
in  about  four  days.  The  curves  for  the  water-gas  and  for  the 
earth-o-as  were  indistinj^nishable  when  reduced  to  the  same 
scale  ;  one  of  them  is  given  in  tig.  2.  During  the  initial  rise, 
observations  of  the  leak  were  made  as  rapidly  as  possible,  and 
afterward  once  or  twice  a  day  for  about  two  weeks.     As  the 

• 

sensitiveness  of  the  gold  leaf  varied  slightly  from  day  to  day. 
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it  was  tested  after  each  reading  by  changing  the  applied  poten- 
tial by  10,  20,  and  30  volts  and  noting  tlie  change  in  deflection  ; 
the  readings  were  then  reduced  to  a  standard  sensitiveness. 
We  are  indebted  to  Mr.  H.  M.  Dadourian  for  \\v&  assistance  in 
making  these  numerous  and  somewliat  tedious  observations. 

The  resemblance  of  this  gas  to  the  emanation  from  radium, 
in  respect  to  tlie  period  of  initial  rise  of  activity  (which  is 
due  to  the  deposition  upon  tlie  walls  of  the  electroscope  of 
"induced"   or  "excited"  activity)  and  also  in  respect  to  the 


K 

r 

\ 

" 

\ 

N 

K 

•\ 

^ 

P^ 

' 

- 

0 

" 

' 

* 

' 

* 

i' 

rate  at  which  the  activity  of  the  gas  itself  decays,  is  so  close 
that  we  could  not  hope  to  detect  any  differences  between  the 
two  by  means  of  observations  with  the  electroscope.  Accord- 
ingly, we  had  recourse  to  observations  with  a  quadrant  elec- 
trometer, and  during  the  antumn,  the  earth-gas  was  directly 
compared  by  means  of  the  same  apparatus  with  the  radium 
emanation,  with  regard  to  the  rise  of  excited  activity,  the 
decay  of  the  activity  of  the  gas  itself,  and  the  rate  of  diffu- 
sion through  a  porous  plate  of  unglazed  porcelain.  The  elec- 
trometer used  was  of  special  construction,  made  after  our 
design  by  Mr.  L.  J.  Harrett,  mechanician  of  the  Sheffield  Scien- 
tific School ;  it  proved  to  be  very  steady  and  convenient  for 
the  present  purpose,  and  may  jjerhaps  be  descrihed  later,  after 
its  behavior  under  varied  conditions  has  been  more  fully  inves- 
tigated. When  the  needle  was  suspended  by  a  quartz  fiber  of 
very  moderate  thinness,  the  sensitiveness  with  100  volts  on  the 
needle  was  about  250™  per  volt,  the  scale  being  one  meter  dis- 
tant from  the  mirror.  As  this  was  sufficient  for  our  present 
needs,  no  attempt  to  increase  it  by  using  a  liner  suspension  was 
made,  particularly  as  we  wished  to  make  observations,  in  some 
cases,  in  as  rapid  succession  as  possible  and  a  very  large  period 
of  the  needle  was,  therefore,  undesirable. 
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A  cylindrical  condenser  (iig.  3),  ^T^  high  and  12-5*'" 
diameter,  was  made  of  heavy  galvanized  sheet-iron  with  ri 
of  planished  brass,  A,  and  A',  soldered  to  flanges  at  top 
bottom;  at  the  top,  the  guard  plate,  B,  rested  upon  a  ml 
gasket  and  was  bolted  to  A  by  eight  small  bolts  provided  \ 
ebonite  bushings  so  that  the  cylinder  was  insulated  froir 
which  was  kept  earthed.  The  central  rod,  C,  passed  througl 
ebonite  collar,  D,  and  the  joints  about  the  collar  were  carefi 
made  tight  by  sealing-wax.  At  the  bottom,  the  brass  plate 
was  similarly  bolted  to  A'  with  a  gasket  between,  but  no  bi 
ings  were  needed  in  this  case,  and  the  heads  of  the  bolts.  \n 


coniitur-sunk  in  the  bottom  surface  of  E;  tliis  ])late  liad  a  1 
ill  tlie  middle,  and  abov(»  it  the  porous  plate,  F,  was  faste 
with  sealing-wax.  Aiiotiier  plate,  (x,  als(^  i)rovi(le(l  with  a  ; 
ket,  was  elamped  below  this  by  eii^ht  small  iron  screw  elan 
M)  that  it  eould  be  easily  removed  at  any  time  and  the  por 
])late  ex|)0sed.  The  eonneetion  to  the  electrometer  was  a  b] 
ro<l  siip])orte(l  by  ebonite  in  a  rectaiii!:iilar  brass  box,  H,  wit 
hinjred  lid;  this  box  rested  on  the  iruarcl  i)late,  1>,  and  on 
case  of  the  eh.'Ctronieter,  and  two  hoh's  in  its  bottom  adi 
ted  the  bindiiiir  screws  <>f  rod  in  the  cylinder  and  of  tlio  elec 
meter.  Ordinarily  the  rod  and  pair  of  quadrants  connecte( 
it  were  earthed  by  X,  which  was  hinged  to  the  box  and  refi 
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on  the  connecting  rod ;  by  means  of  the  little  electromagnet, 
M,  fastened  to  the  lid  of  the  box,  N  conld  be  lifted  off  the  rod 
and  the  quadrants  could  thus  be  insulated  witliout  the  slightest 
jar.  The  short-circuiting  contact  was  made  of  the  same  piece 
of  brass  on  both  sides,  was  small  in  area,  and  the  distance 
moved  was  short;  there  was  thus  no  trouble  from  contact 
potential  differences.  A  small  hole  through  the  brass  box, 
opposite  the  binding  screw  of  the  electrometer,  enabled  one  to 
test  the  sensitiveness  of  the  electrometer  from  time  to  time. 
When  the  gaskets  were  well  greased  with  stiff , mutton-tallow, 
the  cylinder  retaiued  a  pressure  in  excess  of  that  of  the  atmos- 
phere without  perceptible  diminution  in  twenty-four  hours. 

The  gas  to  be  tested  was  put  into  the  cylinder  and  readings 
were  made  as  rapidly  as  possible  during  the  rise  of  the  induced 
activity.  After  the  ionization  had  reached  a  steady  value,  the 
gas  was  allowed  to  stand  in  the  cylinder  for  several  days,  and 
readings  were  taken  from  time  to  time  to  determine  the  rate 
of  decay  of  the  activity  of  the  gas ;  as  this  change  was  slow, 
the  average  of  four  readings  was  taken  at  each  observation. 
Finally  the  lower  plate  was  removed  and  the  gas  allowed  to 
diffuse  through  the  porous  plate,  readings  being  taken  as  rap- 
idly as  possible  in  the  meanwhile.  From  all  these  readings  the 
leak  due  to  the  so-called  spontaneous  ionization  of  the  air  in 
the  cylinder  was  always  subtracted.  The  potential  applied  to 
the  cylinder  (90  volts)  was  more  than  enough  to  give  the  sat- 
uration current  in  all  cases.  The  radium  emanation  used  was 
obtained  by  bubbling  air  through  a  solution  containing  0*1  gram 
of  the  v^ery  impure  radium  bromide  prepared  a  year  or  two 
ago  by  De  Haen;  its  activity  is  about  1000  times  that  of  ura- 
nium, so  that  the  solution  contained  probably  less  than  0*1 
milligram  of  radium.  Three  small  bubbles  drawn  through 
this  into  the  cylinder  (perhaps  a  fifth  of  a  cubic  centimeter) 
caused  an  ionization  about  six  times  as  great  as  1^  liters  of  the 
earth-gas ;  the  chief  difficulty  with  the  emanation  was  to  get  a 
small  enough  quantity  into  the  cylinder. 

Compari807i  of  the  Hates  of  Decay. 

If  we  assume  the  exponential  law  of  decay  of  the  radio- 
activity I=Io«~''',  the  constant  k  may  be  determined  from  any 
two  observations  (or  two  sets  of  four  observations)  taken  at 
different  times  after  the  excited  activity  has  ceased  to  rise. 
Several  such  determinations  were  made  for  the  earth-gas  and 
for  the  radium  emanation  and  are  given  in  the  following 
tables ;  t  in  the  formula  is  measured  in  hours. 

It  will  be  seen  that  the  agreement  is  well  within  the  limits  of 
accuracy  of  the  experiments.      This  constant  for  the  radium 
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Eabtb-Gab. 

Intan-al 

in  boo». 

1»'3I 

0-00784 

24-32 

0-00702 

4:! -03 

0-00738 

RiJUUM  Ekakatioh. 

iit^rvnl 

u  liuura. 

■JO-li(i 

0 '00703 

W3i 

0*007SO 

22-6) 

li'O0787 

65«3 

o■oo7^5 

Av.  0-00741  ±  -00016  Av.  0-00744  ±  -OOOia 

emanation  has  been  determined  hy  P.  Cnrie*  and  l)V  Rntlier- 
ford  and  Soddyf  and,  when  rednced  to  the  honr  as  tlie  unit  of 
time,  the  value  obtained  by  Curie  is  0'00724,  while  Rutherford 
and  Soddj  obtained  0'00778.  C'nrie'a  measurements  were  made 
with  tlie  emanation  in  a  sealed  glass  tube,  and  there  euuld  thus 
have  been  no  acceleration  of  the  apparent  rate  of  decay  by 
escape  of  the  gas.  The  lower  value  ontamed  by  ue  would  be 
acoonnted  for  if  one-half  per  cent  of  the  emanation  !eake(i 
from  the  cylinder  in  twenty-four  hours.  Such  a  lack  of  tigbt- 
uesa  is  by  no  means  impossible.  Rntberford  and  Soddy's  esperi- 
mentd  were  made  with  emanation  stored  in  a  gag-holder  and 
drawn  o£E  from  time  to  time  for  testing ;  a  slightly  greater  rate 
of  leak  from  their  gas-holder  might  account  for  the  higher 
value  of  K  obtained  by  them. 

TVif  Riw  of  the  KrcHed  AvH>'i/>/. 

It  has  been  observed  by  Rutherford  that  the  excited  activity 
due  to  the  radium  emanation  does  not  decay  according  to  a 
simple  exponential  law,  and  this  we  find  to  be  the  case  also 
with  the  excited  activity  due  to  the  earth-gas.  The  most  prac- 
ticable method  of  comparing  the  two  seems  therefore  to  be  to 
reduce  the  measurements  on  the  two  gases  to  the  same  scale 
and  to  plot  a  curve  for  eacb.  Two  sucli  curves  are  found  in 
figs.  4  and  5. 

In  the  reduction  to  the  same  scale,  the  mean  of  the  last  four 
observations  has  been  taken  as  100.  The  following  tables  give 
the  actual  measurements  and  the  plotting  scale: 


Eahth-Gas. 

Time  in 

Observed 

Plotting 

Tim?  in 

Observed 

Plotting 

iouizatioii. 

Scale. 

Scale. 

3-5 

1-98 

59-3 

92-0 

3-21 

It8-1 

12-0 

2-28 

68-3 

102-0 

3 -06 

92-2 

20-0 

2-4S 

74-6 

121-5 

3-42 

102-4 

26-4 

2-62 

78-4 

139-5 

3-35 

10O-3 

330 

2-6U 

77-9 

223-5 

a-3«  ■) 

10(1-6  ■ 

430 

2-75 

823 

24ir3 

3-30  1 

1011-6 

fl2'0 

2-86 

8.'5-6 

2-35 

3-21   [ 

961 

7fl-0 

3-05 

91-3 

284-5 

3-43  J 

102-7 
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Radium  Emanation. 


Time  in 

Observed 

Plotting 

Time  in 

Observed        Plotting 

minntes. 

ionization. 

Scale. 

minntes. 

ionization.         Scale. 

30 

11-23 

52-9 

90-75 

20-28 

95-5 

8-1 

11-66 

54-9 

100-75 

20-17 

95-0 

12-75 

14-98 

70-5 

105-75 

21-18 

99-7 

16-75 

14-88 

70-1 

110-75 

21-68 

102-1 

20-75 

15-82 

74-5 

115-75 

21-12 

99-5 

25-75 

16-16 

76-1 

120-75 

21-12 

99-4 

:10-75 

17-20 

81-0 

125-75 

20-92 

98-6 

37-75 

18-87 

79-4 

135-75 

21-52 

101-3 

42-75 

17-68 

83-3 

145  75 

21-45 

101-0 

47-75 

17-70 

83-4 

205-75 

20-52 

96-6 

52-75 

18-05 

85-0 

220-75 

22-18 

104-5 

57-75 

18-58 

87-5 

268-75 

18-78 

88-4 

62-75 

18-88 

88-9 

278-75 

21-44^ 

101-0' 

69-75 

19-32 

91-0 

282-75 

21-25 

100-0 

76-75 

2010 

94-7 

287-75 

21-35 

100-5 
98-6 

82-75 

20-18 

95-0 

292-75 

20-92 

The  following  values  take 

n  from  the  plotted  curve  will  give 

an  idea 

of  the  agreement  between  the  behavior 

of  the  two 

gases: 

y 

Rise  of  Excited  Activity. 

Time  in  minutes. 

Earth-G 

as.            Radium  Emanation. 

20 

74-6 

74-4 

t 

40 

81-0 

• 

81-S 

I 

60 

86-6 

87-9 

80 

■ 

91-6 

93-4 

100 

96-0 

97-c 

» 

The  earlier  part  of  the  curves  in  ligs.  4  and  5  (/<20  min.) 
can  not  be  very  accurate.  It  took  about  two  minutes  to  intro- 
duce the  earth-gas,  and  to  make  the  two  experiments  as  nearly 
alike  as  possible  the  same  time  was  consumed  in  admitting  the 
radium  emanation ;  the  zero  of  the  time  scale  in  the  curve  is 
the  middle  of  this  interval.  Few  observations  could  be  taken 
and  the  curve  is  so  steei)  tliat  small  errors  have  a  great  effect 
upon  the  point  where  tne  curve  cuts  the  axis.  Moreover,  the 
results  of  the  diffusion  experiment  cannot  be  reconciled  with 
so  small  a  value  of  the  initial  activity  of  the  gas,  as  will  be 
seen;  and  a  special  experiment  in  which  radium  emanation 
was  introduced  rapidly  indicated  that  the  initial  activity  was 
between  50  and  60  per  cent  of  the  final  activity.  But  the 
question  could  not  be  decided  very  positively  with  our  appa- 
ratus, since  the  slowness  of  the  return  of  the  needle  to  its  zero 
did  not  permit  readings  to  be  taken  in  very  rapid  succession. 

Diffusion  through  a  Porous  Plate, 

Figures  6  and  7  exhibit  the  results  obtained  when  the  bottom 
plate  was  removed  and  the  gas  allowed  to  diffuse  through  the 
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porous  plate;  the  time  is  connted  from  the  removal  of  the 
plate.  As  before,  the  readings  are  reduced  to  the  same  scale, 
the  mean  of  four  readings  just  before  the  plate  was  removed 
being  taken  as  100. 

Earth-Qas. 


Time  in 
minntes. 

Observed 
ionization. 

Plotting 
Scale. 

Time  in 
minutes. 

Observed 
ionization. 

Plotting 
Scale. 

0-0 

2-81 

100- 

79-5 

1-62 

57-7 

2-5 

2-81 

100- 

100-5 

1-52 

54-1 

8-0 

2-68 

95-4 

115-5 

1-26 

44-9 

13-0 

2-70 

96-1 

130-5. 

1-12 

39-9 

180 

2-60 

92-5 

145-5 

0-93 

33-1 

240 

2-42 

86-1 

160-5 

0-82 

29-2 

30-5 

2-39 

85-1 

175-5 

0-67 

23-8 

40-5 

2-28 

811 

190-5 

0-59 

21-0 

50-5 

2-06 

73-3 

205-5 

0-49 

17-4 

60-5 

2-00 

712 

Radiuu 

[  Emanation. 

Time  in 
minutes. 

Observed 
ionization. 

Plotting 
Scale. 

Time  in 
minutes. 

Observed 
ionization. 

Plotting 
Scale. 

0-0 

12-98 

100- 

59-0 

8-92 

68-7 

40 

12-43 

95  8 

64-0 

8-32 

641 

8-0 

12-08 

931 

69-0 

7-26 

55-9 

110 

12-20 

94-0 

74-0 

8-04 

61-9 

170 

11-47 

88-4 

102-0 

6-38 

49-1 

21-0 

11-26 

86-7 

1 10-0 

5-52 

42-5 

26-0 

10-99 

84:7 

115-0 

5-72 

44-1 

310 

10-61 

81-7 

1190 

5-28 

40-7 

370 

10-44 

80-4 

226-0 

1-84 

14-2 

50-0 

9-34 

71-9 

230-0 

1-72 

13-3 

54-0 

9-14 

70-4 

235-0 

1-64 

12-6 

The  following  table  taken  from 
son  of  the  two  gases : 

the  curves  gives  a 

compari- 

Diffusion. 

Time  in  minutes. 

Earth-Gas. 

Radium  Emanation. 

20 

90- 

87-6 

40 

80-2 

76-6 

60 

70-6 

660 

80 

60-5 

56-9 

100 

51-8 

48-5 

120 

43-6 

41-2 

140 

36-0 

34-6 

160 

29-4 

28-8 

180 

23.8 

23-7 

200 

18-9 

19-3 

220 

14-5' 

« 

15-8 

240 

ll-O' 

« 

12-0 

*  Extrapolated. 
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The  agreement  in  not  altogether  satisfactory,  but  tbe  chftno- 
ter  of  the  diSerenuoe  would  seem  to  show  that  they  are  due  to 
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Diffusion  of  radium  einanation. 


experimental  errors  and  not  to  differences  in   the  gases.     In 
the  earlier  portion  of  the  experiments  the  earth-gas  appears  to 
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diffuse  more  slowly  than  the  radium  emanation  and  later 
it  diffuses  more  rapidly.  It  is  diflScult  to  see  how  this  could 
be  the  effect  of  an  admixture  of  either  a  lieavier  or  a  lighter 
radio-active  gas;  and  the  close  agreement  between  the  total 
amounts,  diffusing  out  in  four  hours  (89  per  cent  and  88  per 
cent,  respectively),  together  witli  the  close  similarity  in  the  rates 
of  decay  and  of  the  ])roduction  of  induced  activity,  show  that 
if  any  other  radio-active  constituent  is  present  in  the  ground 
air  it  must  be  in  very  small  proportion. 

Density  of  the  Radium  Emanatioit. 

The  observations  already  recorded  afford  a  value  of  the  den- 
sity of  the  gas  (assuming  tliat  Graham\s  law  may  be  applied) 
provided  the  rate  of  diffusion  of  a  gas  of  known  density 
through  the  porous  plate  is  determined.  For  this  purpose 
carbon  dioxide  was  introduced  into  the  cylinder,  allowed  to 
stand  until  thoroughly  mixed  with  what  air  remained,  and  the 
amount  determined  bv  drawins:  a  certain  fraction  into  a  burette 
and  absorbing  with  caustic  soda.  The  porous  plate  was  then 
exposed  for  10  or  15  minutes  and  the  bottom  plate  again 
clamped  on ;  after  allowing  time  for  thorough  mixture,  the 
amount  of  CO,  w^as  again  determined.  Three  such  observa- 
tions, w^ith  different  times  of  diffusion,  gave  the  following 
values  for  ft,,  in  the  formula  p=p^e—t^^^  {t  measured  in  hours): 

118 
1-15 
1-15 


i-io 


In  the  diffusion  experiments  witli  the  radio-active  gas,  if 
it  were  not  for  the  presence  of  the  induced  activity,  the  curves, 
tigs.  6  and  7,  might  be  expected  to  be  exponential  and  it  w^ould 
be  a  simple  matter  to  obtain  the  corresponding  constant,  ft,  for 
the  radium  emanation  ;  but  the  effect  of  the  indnced  activity 
must  be  taken  into  account,  and  this  is  the  more  difficult  since 
its  rise  and  decay  is  not  susceptible  of  a  simj)le  mathematical 
expression.  In  fact,  as  Rutherford  has  pointed  out,  there  are 
probal)Iy  two  or  three  different  kinds  of  induced  activity,  in 
the  case  of  radium,  each  being  produced  and  decaying  at  a 
different  rate.  In  order  to  make  the  calculation  somewhat 
more  manageable,  it  is  assumed  in  what  follows  that  the  rise 
and  decay  of  the  induced  activity  does  follow  tlie  exponential 
law ;  it  will  be  seen  in  the  outcome  that  this  assumption  cannot 
cause  a  very  serious  error  in  the  determination  of  the  diffusion 
constant. 
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A  =  ionization  produced  by  ihe  gaa  at  any  iiistanl. 
E  =         •'  "  "      excited  activity. 

I    =  observed  ionization. 
So  ihat  I  =  A  +  E. 
Ae  a  result  of  tlie  regnlar  decay  of  the  activity  of  the  gnf 
itself  we  have 


A^uining  that  we  have  only  one  kind  of  excited  activity, 
itK  ntte  of  prudacHon  is  proportional  m  the  quantity  of  gae 
present,  i.  e.  to  A ;  and  its  rate  of  decay  is  proportional  to  E, 
BO  that 

-^   =«A.«-«*-XE  (1) 

Taking  i  =  0  as  the  time  when  the  gas  is  introdaced  into  the 
cylinder,  the  eolntion  of  this  equation  is 

und  the  total  observed  effect  is 

As  we  have  seen,  nsO'OOT*  when  (  is  measured  in  hours,  and 
X=1'36  gives  an  exponential  rise  of  excited  activity  not  greatly 
different  from  that  observed  in  tigs.  4  and  5 ;  so  that  during 
the  first  two  or  three  hours  i?""'  is  nearly  equal  to  unity,  and 
we  have  approximately 

'="■{' *>l-X'-'''')\         "■* 

The  curve  expressed  hy  (2)  differs  from  (2')  in  that  its  asymptote 
is  not  a  horizontal  straight  line  but  the  curve. 


^•Oni)' 


and  within   the  time  considered  this  is  sensibly  an  inclined 
straight  line  which  is  shown  in  ligs.  4  and  5 ;   - — ■  is  the  ratio 

of  the  excited  activity,  after  equilibrium  has  been  attained,  to 
the  activity  of  the  gas. 

After  three  or  four  hours  «^  '  is  negligible  in  comparison 
with  e"*    60  that  we  have  sensibly 
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and  this  justifies  the  determination  of  k  by  the  method  pur- 
sued above,  without  regard  to  the  induced  activity. 

In  discussing  the  diffusion  experiment,  it  is  convenient  to 
take  the  initial  instant  (^=0)  as  that  when  the  diffusion  begins; 
we  have  then 

where  il  is  the  diffusion  constant  for  this  gas  through  the 
porous  plate  used,  and  thus. 


A  =  A  e-(*+^)^ 


and 


as  before, 


I.=  A.  +  E.=A.(l+J^) 


,  ■  =aA— XE 
at 


wliich  under  the  assumed  initial  conditions  gives 
■   E  =  -  ""^^     \  e-^^^^y  -  ""^^  e-^^  \ 

\  —  K  —  fl    (  X  —  K  J 

and 

i=A.i(.n-:->^""'-xi.::-/-"i  w 

and  by  properly  choosing  the  value  of  ii  this  should  fit  the 
observations  plotted  in  figs.  6  and  7.  In  order  to  get  a  first 
approximation  to  fi  we  may  make  use  of  the  initial  slope  of 
the  curve : 

and  since  k  is  so  small  in  comparison  with  X,  we  have  approxi- 
mately 

As  has  been  pointed  out,  the  value  of  A„,  that  is  the  activity 
of  the  gas  itself  without  the  induced  activity,  is  very  imper- 
fectly known.  If  we  take  the  values  indicated  by  the  exten- 
sions of  the  curves  in  figs.  4  and  5  (30  to  40  per  cent  of  the 
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total),  the  value  of  ii  obtained  from  equation  (5')  when  substi- 
tuted in  (4)  will  not  fit  the  observations.  On  the  other  hand, 
if  it  be  assumed  that  between  50  and  60  per  cent  of  the  total 
activity  is  due  to  the  gas,  a  reasonably  good  fit  can  be  secured; 
and  this  value  of  A^  is  also  indicated  l)y  a  special  experiment 
under  better  conditions  in  which  a  larger  quantity  of  radium 
emanation  was  admitted  rapidly  ;  but  even  under  the  best  con- 
ditions with  the  electrometer  used,  readings  could  not  be 
obtained  oftener  than  every  2^  minutes,  and  thus  the  principal 
weight  in  the  selection  of  a  value  for  A^  must  be  given  to  tie 
diffusion  curve.  It  is  to  be  noted  that  tlie  constant,  a  in  (4), 
as  determined  from  experiment,  depends  on  the  value  chosen 
for  A,. 

In  the  following  table  the  second  column  is  calculated  from 
equation  (4)  with  A^=56,  X=l*36,  /i.=0-58,  which  value  gives 
a  better  fit  than  either  0*57  or  059.  The  third  column  gives 
the  experimental  values  for  the  radium  emanation  as  deter- 
mined from  the  curve,  fig.  7. 


Time  in  hours. 

Calc. 

Carve. 

Diff. 

1 

6T-5 

66-0 

-f  1-5 

2 

40-2 

41-2 

—  1-0 

3 

23-0 

23  7 

-0-7 

4 

129 

12-0 

—  0-9 

The  differences  are  considerably  less  than  the  differences  be- 
tween  the  experiments  for  the  earth-gas  and  the  radium  emana- 
tion ;  for  the  former,  /i,=  0'56  appears  to  give  the  closest  agree- 
ment. If  we  take  0*57  as  the  value  from  the  two  experiments 
and  assume  that  Graham's  law  may  be  applied,  we  find  that 
the  density  of  the  gas  is  4*1  times  that  of  carbon  dioxide,  which 
would  give  it  a  molecular  weight  of  180. 

As  our  apparatus  was  conveniently  arranged  for  use  with 
radio-active  gases,  we  attempted  to  determine  the  properties 
of  the  active  gas  recently  obtained  by  Strutt*  from  metallic 
mercury.  We  were,  however,  unable  to  obtain  any  evidence 
of* radio-activity  from  air  which  had  been  circulated  through 
hot  mercury  for  fourteen  hours ;  and  an  increase  of  ten  per  cent 
over  the  ^•spontaneous"  ionization  in  the  cylinder  could  cer- 
tainly have  been  detected.  This  would  seem  to  indicate  that 
the  gas  observed  by  Strutt  was  due  to  some  radio-active  impurity 
in  the  mercury  which  he  used. 

In  connection  with  the  evidence  of  the  existence  of  minute 
quantities  of  radium  in  the  ground  in  this  vicinity,  it  is  of 

*  Strutt,  Phil.  Mag.,  July,  1908. 
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interest  that  small  quantities  of  pttchblende  and  other  uranium 
minerals  are  found  in  Connecticut.  The  fact,  however,  that 
the  gas,  originally  discovered  by  Professor  Thomson  in  the 
Cambridge  water,  has  also  been  found  to  be  mainly,  if  not 
wholly,  radium  emanation,*  and  that  the  gas  found  by  Elsterand 
Grftelf  in  the  soil  in  various  places  in  Germany  has  the  same 
general  characteristics,  make  it  not  unlikely  that  radium  may 
be  very  widely  distributed  in  the  earth,  although  not  always  in 
the  surface  layers. 

Conclusions, 

1.  The  radio-active  ffas  found  in  the  ground  and  in  the  sur- 
face water  near  New  Haven  is  apparently  identical  with  the 
emanation  from  radium.  If  any  other  radio-active  constituent 
is  present  it  can  be  only  in  very  small  proportion. 

2.  The  density  of  the  radium  emanation,  as  determined  by 
its  rate  of  diffusion,  is  about  four  times  that  of  carbon  dioxide. 

3.  We  were  unable  to  obtain  the  radio-active  gas  from  mer- 
cury, recently  described  by  Strutt,  and  are  therefore  inclined  to 
attribute  his  results  to  an  impurity  in  the  mercury  used. 

Sheffield  Scieotific  School  of  Yale  University,  December,  1903. 

*  E.  P.  Adams,  PhU.  Mag..  Nov..  1903. 

t  Elster  and  Geitel,  Phys.  Zeitsch.,  July  1,  1903. 
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Akt.  IX. — Struciaire  of  the  Upper  Cretaceous  Turtle  of  N«it 
Jersey:  Adocim,  Oateopum*i,  and  Propleura;  by  G.  R 
"WiELAND.     (With  Plates  1-IX.) 

Okk  of  tile  most  strikitig  p^ologic  feat  urea  of  New  Jereey 
18  tlie  area  of  Upper  Cretaceoiie  Greeneand  or  "Marl"  wliicn 
extends  obliquely  aciy>eB  the  Btate  from  the  Delaware  Bay  tt> 
Sandy  Hook.  Few  Mesozoic  formations  yield  a  richer  serits 
of  extinct  vertebratce ;  and  amongst  these,  the  Teettidi nates,  ae 
bere  bo  well  represented  by  marine,  littoral,  and  doubtless  land 
forms,  are  of  great  interest  and  importance  from  a  Ijiologic 
point  of  view. 

These  turtles  mainly  occur  in  the  "Greensand"  with  the  bones 
oE  birds,  pterodactyls,  dinosaurs,  crocodiles,  mosasaui^,  gigantic 
fishes,  and  BliHrks,  not  many  feet  below  a  prominent  and  exten- 


sive bed  of  Gryphseias,  preceded  and  followed  by  marls.  There 
arc  implied  abruptly  changing  conditions  and  a  near  shore: 
and  there  is  a  constant  likelihood  that  there  may  hero  be  found 


primitive  marine  or  littoral  turtles  presenting  characters  allied 
to  those  of  the  old  stocks  from  whicJi  the  original  marine  tnrtles 
were  derived,  a  fact  which  needless  to  say  gives  to  the  investi- 
gation of  the  specimens  from  the  Greensand  an  exceptional 
value.  For  amongst  the  fundamental  skeletal  changes  exhibited 
by  extinct  forms,  none  are  more  interesting  than  those  connectetl 
with  the  evolution  of  llipjuTK.  Moreover  the  manner  in  which 
this  took  place  in  the  turtles  is  rapidly  nearing  very  complete 
demonstration.  As  yet,  however,  the  structure  of  the  Upper 
Cretaceous  turtles  of  New  Jersey  has  received  but  brief  atten- 
tion. 

The  carapace  of  Adociis  as  figured  by  Professor  Marsh 
some  years  since,  has  made  this  the  best  known  of  these 
forms,  Kut  with  this  exception  the  descriptions  and  figures  so 
far  as  given  have  been  based  on  fragmentary  matenal,  and 
there  lias  been  little  evidence  presented  as  to  tlie  character  of 
the  limbs.  Nevertheless  the  sand  matrix,  and  the  naturally 
disarticulated  and  nncrushcd  condition  of  the  skeletal  elements 
of  these  fossils  (see  Plate  IX),  afford  the  opportunity  for  rarely 
satisfactory  study.  In  the  foltowins  initial  descriptions  a  more 
adequate  knowledge  of  three  of  the  genera  is  for  the  first  time 
made  available. 

I.  Adoctia  puncialiis  Marsh.— (With  Piatow  I-IV.) 
The  genus  Adocica  was  first  assigned  by  Cope*  to  some  frag- 
mentary remains  from  the  Upper  Cretaceous  or  Greensand  of 
New  Jersey,  these  having  been  originally  described  by  Leidy 
■  Proceedings  of  the  Academy  of  Natural  Sciences.  Pbilsdelphia,  1868. 
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ae  Emya  heatus.  The  name  Adoc-us  (Gr.  A,  privative ;  and 
Aaj(Oi,  rafter)  meaning  literally  witliont  rafters,  happily  ex- 
preeees  tlie  fact  that  the  rib  heads  (with  the  exception  of  the 
lirst  and  second  and  tenth)  are  diminiBhed  to  tlie  merest  line- 
like trace  on  the  inner  surface  of  the  pleurals.  The  general 
characters  of  the  gcnue,  however,  remained  but  vagneljTfnown 
until  the  description  of  the  carapace  of  the  new  species  J.(f(ww» 
punctatiiH  by  Professor  Marsh.*  This  was  accompanied  by 
an  excellent  woodcut,  which  is  here  reproduced,  fig.  1. 


x\. — The  origia&l 

Later  the  type  was  placed  on  exhibition  in  the  Yale  Uni- 
versity Museum,  although  no  attempt  was  made  to  bring  the 
carapace  and  plaetron  into  their  normal  position  nntil  recently. 
This  having  now  been  done,  and  this  fine  type  having  again 
been  placed  on  exhibition  a.**  finely  mounted  ni  erect  position 
by  Mr,  Hugh  Gibb,  an  opportunity  is  afforded  to  supply  the 
much  needed  figure  of  the  plastron,  and  i)re6ent  further  facts 
and  figures  showing  the  true  form  of  this  ornate  and  interest- 
ing Cretaceous  turtle. 

Tlie  remounting  of  the  specimen  proves  that  the  outline  of 
the  carapace  departs  from  the  oval  form  shown  in  the  original 

"  Notice  of  Some  Extinct  Testndinata.  This  Jonrnal,  toI.  il,  ITS  and  9. 
1890.  The  type  is  from  tbe  long  EiDce  abandoaed  pits  of  the  old  Cream 
Ridge  Marl  Co.  near  HomenitowD,  Monmoatb  Co.,  New  Jureey,  and  was 
received  at  the  Yale  Mowam,  Oct.  10,  1873. 

Am.  Jodh.  Sci.— ForBTB  Skhibb,  Vol.  XTII,  No.  SB.— Febrcibt,  1801. 
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figure,  hy  a  dititinet  narrowing  in  the  anterior  region,  so  that 
the  greatest  breadth  is  seen  two-tliirds  of  the  entire  lengtli 
bai'k.  A  very  slight  double  cur\'ature  of  the  outer  border  u«i 
appears  to  be  present,  as  sliown  in  Plate  1.  It  is  fonnd,  too, 
that  there  is  lees  flattening  of  the  carapace  than  is  suggested  in 
flgnro  1,  the  curvature  rather  closely  approaching  that  of  Der- 
nuitemys  mawii.*  The  unusual  heavy  furnjw  marking  tlie 
bonndary  l>etween  the  first  vertebral  and  flrst  pleura),  also 
between  these  two  eleoiente  aud  tJie  nuchal  and  first  four 
marginal  horn  shields,  is  shown  in  the  origtial  figure,  as  well 
as  in  the  additional  outline  figure  ^Plat^  1)  drawn  by  the 
writer  from  the  remounted  specimen.  In  the  latter  figure  tlie 
sutures  are  indicated  by  the  serrate  lines,  and  tiie  boundarie« 
of  the  born  ahieldfl  by  a  triple  lino.  With  tlie  prominent 
exception  just  noted,  the  other  boundaries  of  the  Jioni  shields, 
thongb  distinct,  are  indicated  by  a  narrow  and  shallow  groort 
only.  The  finely  punctate  Bculpturing  of  the  surface  of  the 
carapace  is  fairly  well  shown  in  Plate  II,  reproduced  from  a 
photograph.  The  pnnctatJons  are  of  sub-tnangular  outline. 
They  appear  nearly  as  if  made  by  the  slightly  blunted  corner 
of  a  chisel  blade,  and  approach  regularity  in  tlieir  distribution. 
The  plastron,  like  tfie  carapace,  has  a  punctate  surface. 
The  preeervatiou  is  also  exquisite,  and  the  complete  trace  of 
all  the  bony  plates  and  horn  shields  mav  be  accurately  deter- 
mined, as  Bliown  in  my  outline  di-iiwiTig.  Plate  III. 

Synopsis  of  the  Characters  of  Adoeus. 

Carapace. — Of  rather  elongate  snb-elliptical  outline,  and 
composed  of  48  bony  plates  with  the  grooves  marking  the 
borders  of  the  38  horn  shields  distinct,  as  follows : — 

ill)  Bony  Plates:  Marginals  11  pairs,  large  and  heavy,  the 
inner  borders  uniting  solidly  with  other  elements  by  suture; 
nuchal  large,  of  sub-pentagonal  outline  and  without  netber  or 
coatiform  processes;  pygal  as  large  as  nuchal,  and  of  suh- 
oct^unal  sliape,  its  boundaries  being  the  9tli  neural,  8tb  pleu- 
rals, 11th  pair  of  marginals,  and  the  intervening  pygal  mar- 
ginal ;  pygal  marginal  large  and  of  sub-quadrilateral  form ; 
pleurals  8,  the  2d-8th  being  without  rib  capitulfe,  and  the  7th 
and  8th  meeting  on  tlie  median  Utic  ;  neurals,  7  in  all, — there 
being  no  true  7th  and  8tli,  the  true  9th  following  the  interim 
formed  by  the  median  junction  of  the  7tli  and  8th  pleurals. 

(b)  Horn  Shields;  A  diminutive  nuchal  and  12  paired  mar- 
ginals, the  first  four  jwirs  being  intermediate  in  width  between 
tlie  same  elements  in  Osteopygis  and  Chelydra,  and  the  others 
of  large  area  rising  high  on  the  carapace  ;  5  vertebralia;  4  pairs 

*  Table  XXI,  Oray's  Catalogue  of  Shield  Beptilea,  Purl  I.     London,  1855. 
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of  coBtals,  the  first  pair  being  lar^e  and  overlappinff  the  inner 
ends  of  marginals  1-4 ;  the  second  and  third  of  nearly  the  same 
area,  width,  and  length  as  the  second  and  third  vertebrals. 
Unlike  the  1st,  the  2d-4th  costals  lie  entirely  on  the  pleuralia. 

Plastron. — Of  medium  size,  the  length  being  two-thirds, 
and  the  least  width  of  the  bridge  one-fourth  that  of  the  cara- 
pace. Anterior  and  posterior  borders  not  eraarginate,  but 
slightly  truncate  or  "  abbreviated."  Very  heavy,  and  united 
to  the  carapace  by  sutures  (cleidosternal  union),  with  the 
strong  axial  and  inguinal  buttresses  meeting  respectively  the 
3d  and  the  8th  marginalia.  Composed  of  9  heavy  bony  plates 
all  strongly  united  by  suture,  with  the  narrow  line-like  furrows 
marking  the  borders  of  the  twenty  horny  shields  distinct. 

(a)  The  Bony  Plates:  There  are  the  usual  eight  paired 

f)lastrals  with  a  rather  large  entoplastron  of  sub-hexagonal  out- 
ine,  and  completely  enclosed  by  the  epi-  and  hyoplastra.  The 
heavy  axial  buttress  extends  forward  to  the  posterior  portion 
only  of  the  inner  edge  of  the  third  marginal,  and  the  large 
inguinal  buttress  (peduncle)  backward  to  the  anterior  portion 
of  the  inner  border  of  the  8th  marginal.  The  inferior  inner 
borders  of  these  and  the  intervening  4th,  5th  and  6th  and  7th 
marginals  pass  well  in  to  meet  the  plastral  elements,  and  the 
bridge  is  firmly  anchylosed. 

(i)  The  Horn  Shields:  Intergular  separated  by  a  furrow  or 
semi-divided  into  paired  parts ;  gulars  of  sub-isosceles  triangu- 
lar outline  ;  humerals  meeting  on  a  straight  mesial  line ;  but 
pectorals,  ventrals,  femorals  and  auals  on  an  irregularly  sinu- 
ous line  crossing  and  recrossing  the  median  sutiiral  junction 
of  the  bony  elements  beneath  ;  three  paired  infrainarginals, 
axial,  mesial  and  inguinal,  with  an  indistinct  small  fourth  pair 
well  down  in  the  humeral  notch.  All  outlines  indicated  by 
fine  lines  or  narrow  grooves. 

Adociis  punctatiis  a  Distinct  Species, 

In  his  original  description  Professor  Marsh  stated  that  the 
present  type  was  most  like  ^1.  beatus  of  Leidy,  and  the  iden- 
tity of  these  species  has  since  been  claimed  by  several.  I  find 
however,  on  comparing  the  figures  of  Leidy's  type,*  that  spe- 
cific differences  are  to  be  made  out  even  from  tfie  fragmentary 
materials  which  constitute  it.  To  make  these  clear,  I  show  in 
figure  2  (a  and  b)  the  first  left  marginals  of  the  forms  in  ques- 
tion. They  are  not  of  the  same  proportion,  nor  are  the  verte- 
bral and  marginal  horn  shields  of  so  nearly  the  same  outline 

as  they  would  normally  be  in  one  and  the  same  species. 
******* 

*  Leidy,  Cretaceous  Reptiles  of  the  United  States  (Philadelphia,  1865), 
Plate  XVin,  figures  1-3. 
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As  pointed  ruit  by  Mareh  and  later  by  Batir,*  the  aeareet 
livuig  relative  of  Adocua  (tJie  type  geuiis  of  the  Adocidae  of 


FiocBB  8, — a.  Adacun  beiiliui  ity[ie),  left  Ist  marginfll.      ^  i-     After  Leidj 
b,   Aiioeva  pvnrtalus,  Uiinb  (tTpe),  left  let  marginal.       x  {. 


Cope+)  ie  Dermatemys  of  Yucatan,  which  with  the  genera 
Staurotypiin  and  Claudiun  of  Mexit-o  and  Central  America. 
constitnte  the  Dermatemwlidir. 

Tlic  airangement  of  the  Tienralia  of  Dermafemys  is  much 
tlie  same  as  in  Adocus,  but  there  are  only  4(J  plateB  in  the 
carapace  as  figured  by  Boulanger  (Brit.  Mns.  Cat.),  the  7th 
pleural  being  large  and  representing  tlie  7th  and  8th  of 
Adocua.  Also,  not  only  the  first,  but  all  the  succeeding  costak 
overlap  the  marginals.  Dermatemya  likewise  differs  markedly 
in  the  presence  of  a  costiform  process  of  the  nuchal. 

Four  inframarginala  are  present,  but  there  are  no  separate 
paired  gulars  as  m  Adocua.  Unlike  tlie  latter,  the  plastron  is 
notched  posteriorly. 

MeaauremenU  of  Adocua  punctalus  Marsh   (type). 
Skeletal  parte  uncrushed. 

(1)    The  Carapace. 

Length  on  straight  line 54.    ■*" 

Length  over  curvature _ 80. 

Greatest  width  (across  5th  neural) 37, 

Distance  over  curvature  across  5th  neural 51. 

Projection  beyond  front  end  of  plastron 6.8 

Projection  beyond  hinder  end  of  plastron 12.2 

•  ProceedingB  of  the  Academy  of  Natural  Soiencea,   Fhiladelphia,  1861, 
vol.  iliii,  p.  K8-430. 
t  Proc.  Amer.  Phil.  Soc,  Philadelphia,  1870,  li,  p.  515. 
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(2)  Bony  Plates  of  the  Carapace, 

Length  along  Middle  length  from 
outer  edge  of     lower  edge  of  Carapaee 

Carapace.  to  interior  borders. 

Nuchal e-S*^"  T-2«"» 

1st  Marginal 6*5  6*5 

2d           *'          5-5  6-5 

3d           "          50  6-2 

4th         "          4-8  7-0 

5th         "          5-5  8-5 

6th         "          6-0  9-3 

7th         "          6-8  0-5 

8th         "          7-5  9-8 

9th         "          6-5  9-6 

10th       "          6-8  9-4 

11th       "          6-5  70 

Median 6*8  63 

Length  Qreatest  width 

(antero-posterior).  (lateral). 

Nuchal 6-5  7-2 

1st  Neural 7*0  40 

2d         "        4-0  2-9 

3d         "        5-2  39 

4th       "        4-8  3-8 

6th       "        4-2  3-9 

6th       "        4-7  3-7 

9th       "        3-6  2-3 

Pygal 7-2  11-2 

Length  Width  (across 

(laterally).  middle  of  plate). 

Ist  Pleural 10*0  8*2 

2d        "       13-5  5-2 

3d         " 14-5  5-2 

4th       "        150  50 

5th       "        14-8  4-6 

6th       "        13-0  4-5 

7th       *'        12-0  3-9 

8th       "        10-4  4-4 


(3)    Carapacial  Horn  Shields, 

jength   of  Ist-llth  Marginalia  respectively,  along  outer  edge 

of  carapace,  6*2,  6*2,  6-1,  50,  53,  60,  6*3,  72,  7*5,  7*3,  7*0, 

6*8  centimeters, 
iiength  of   lst-4th  Costalia  respectively,  12*6,   11-8,   lO'O,    7-2 

centimeters, 
jength  of  the  Nuchal  scute,  1*6. 
jength  of  the  lst-5th  vertebralia  respectively,  10*2,  9*1,   10*4, 

10*2,  8*3  centimeters. 
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{*)  EUments  of  the  Plastron, 

Oreutest  length  OTeAMst  UterftI 

im  loedian  lins.  width. 

Epipkatrou 2-5™  B-S"* 

Etitoplaetron fiO  6*8 

Hyoplaatron 60  14-0 

H^poplaetroD lO'S  14-0 

XiphipUstron !!■  8- 

(6)  I^stral  Horn  Shields. 

Grentest  len^h         Oreateat  tkti'rBl 

on  median  Use.  width. 

Intergiilar   3-5  3' 

Gular (3-  )  (4-  ) 

Humeral 4-  S'b 

Pectoral 4*  ir 

Ventral 9-0  11- 

Femoral 8-5  9- 

Anal 7-5  7- 

(8)    Thickness  of  various  elements. 

Nuchal  (at  anterior  median  border) l-i"* 

"      (at  posterior  end) •3  + 

lat  Nearal  (at  ant«rior  endl "4 

iBt       "      {at  posterior  ena) _.  1*0 

6th      "       (anterior) 1  "0 

fith       "       (posterior) TO 

7th       "       (average) '5 

lat  Marginal  (at  the  marginal-verlebral-costalhom  shield 

intersection) 2-0 

11th  Marginal 1-3 

II.  OsUopygis  Oibbi  sp.  nov.— {Plates  V-VIII.) 
The  genns  Osteopygia  was  proposed  by  Cope  in  1868*  for 
the  reception  of  certain  foesil  tui-tles  from  the  Tipper  Creta- 
ceous Greeneand  Bed  of  New  Jersey.  In  all  some  seven  spociet' 
have  been  referred  to  tliia  genua.  But  they  art;  quite  witliont 
exception  based  on  fragmentary  material,  for  the  greater  part 
insufficiently  illuHtrated  and  described.  It  is  hence  with  the 
utmost  difficulty,  if  at  all,  that  one  may  adjudge  the  value  of 
the  several  species  without  having  at  iiand  all  of  the  types,  which 
urgently  require  redescriptiou  and  adequate  illustration.  Thb 
being  the  fact,  the  restoration  for  the  iirst  time  of  the  complete 
fihell  of  Osteopygia  must  be  of  immediate  service  and  interest. 
The  possibility  of  such  a  restoration  is  afforded  by  Yale  Speci- 
men No.  783. 
*  Proceediii(;a  of  the  Academy  of  Natnral  Scieucee,  Philadelphia,  1868,  p. 
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?hi8  finely  preserved  Carapace  and  Plastron  is  accompanied 
a  perfect  right  Femur  and  left  Humerus,  with  the  proximal 
1  of  the  left  Femur,  the  distal  end  of  the  right  Humerus,  a 
feet  left  Ulna,  both  ends  of  the  Tibia,  the  first  and  second 
:  Metatarsalia,  the  7th  Cervical  centrum,  and  some  fragmen- 

Y  cerricals. 

UI  the  parts  just  enumerated  are  believed  to  belong  to  one 
1  the  same  individual.  T^st  the  question  should  be  raised, 
Ate  that  the  Carapace  and  Plastron  are  not  composite.  It 
I  proven  that  every  portion  belonged  to  the  same  mdividual. 
\b  now  mounted  and  shown  in  Plates  VI  and  VIII,  almost 
only  restoration  required  was  due  to  the  loss  of  portions  of 
originally  complete  shell,  at  the  time  of  collection.  For- 
ately,  in  no  case  is  such  restoration  hypothetical.     Invari- 

Y  the  outlines  are  delimited  by  unbroken  opposing  surfaces 
irticulations.  The  most  serious  loss  was  in  tlie  case  of  sev- 
I  of  the  neuralia,  of  which  portions  of  the  first  and  third, 
I  all  of  the  sixth-ninth  were  lost;  but,  fortunately,  opposed 
nral  unions  of  these  parts  with  the  pleuralia  indicate  the 
lines  of  all  these  bones.  The  pleuralia  are  practicallv  com- 
be, and  neatly  join.     All  the  marginalia  but  the  len  11th 

present,  complete,  uncnished,  and  suturally  interlocked. 

will  be  noted,  the  9th  neural  and  the  anterior  pygal  are 
h  distinctly  assymmetric. 

["hat  the  accompanying  limb  bones  belonged  to  this  par- 
ilar  carapace  and  plastron,  is  indicated  by  all  the  availa- 

evidence.  When  I  began  the  study  of  this  fossil  as 
eived  with  its  various  parts  dissociated  and  some  of  them 
ken,  I  found  accompanying  it  and  bearing  the  same  cata- 
ae  number,  783,  a  ditferently  weathered  left  hyoplastral 
2^ent,  and  a  perfect  left  hypoplastron  of  the  same  size,  and 
inly  of  the  same  species  as  tlie  plastron  belonging  to  the 
ipace.  In  addition,  there  were  most  of  the  pleuralia,  and 
eral  marginals  of  a  nmch  smaller  turtle  belonging  to  the 
lUS  Zytoloma,  a  much  more  distinctly  marine  form.  None 
these  turtles  can  possibly  be  confused  with  the  individual 
e  described,  and  they  constitute  all  the  parts  of  the  original 
3ment,  as  received  from  the  West  Jersey  Marl  Company  of 
•nsboro,  Gloucester  Co.,  New  Jersey,  May  17,  1870.  Tliese 
ties  came  from  the  large  marl  pits,  in  the  "  Upper  Green- 
d  Beds,"  one  and  one-half  miles  east  of  the  Barnsboro 
O.,  at  which  digging  was  abandoned  about  twenty  years 
• 

'he  present  specimen,  or  783  proper,  clearly  belongs  to  the 
UB  OsteopygUj  as  commonly  used.  Though,  of  course,  as 
ye  himself  pointed  out,  this  genus  may  ultimately  be  referred 
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Uf  the  nrior  one,  KuolaKtes*     For  reasons  gireii  below,  the 

m»ecie«t  IS  conKidurcd  &  new  one,  and  I  take  great  pleasure  in 

namiug  it  in   hoimr  tif  Mr.  Hugh  Gibb,  Troparateur  at  thiB 

Musoum  for  ttiori-  than  twenty  years 

pa^t,  and  an  excellnnt  naturalist. 

Deficriptutn . — The  general  ont- 
line  of  tlie  Carapace  ia  broadly  eub- 
ulliptical,  the  iitichal  having  only 
slignt  i-ecnrvature,  and  the  pvgai 
region  formiiig  a  very  obtuse  angle. 
As  may  be  seen  by  referring  to  the 
Bido  view,  ligure  3,  the  body  is  rather 
flat.  The  general  ontlinc  is  not  un- 
liki?  tliat  of  Kwhnija  lin^ata,  the 
plastron  being,  however,  much  flat- 
tur  and  i|uitA,'  fliffcrent.  To  gut  any 
comparison  of  pla^tral  foriTi,  it  k 
ntHiDssary  to  turn  to  the  IJermaterayd- 
idie  tir  to  Cfmli^dra.   The  vorj-  large 

f)o>sterior  mai^uials  rise  at  a  rather 
ow  angle.  The  surface  of  the  bony 
plates  is  Beldom  pitted,  except  by 
accident,  and  is,  especially  over  a 
large  portion  of  the  pleuralia,  marked 
by  closely  Bet  fine  lines. 

(A)  Carapare. — Composed  of  51 
bony  plates,  with  the  boundaries  of 
the  38  bom  sliields  all  clearly  marked 
as  deep  and  distinct  fnrrows. 

(1)  limiy  Flutes:    Marginals   H 
pairs,  all  united  to  pleurals  by  su- 
tures; the  2d  deeply  ronnd  pitted 
posteriorly  for  reception  of  outer  an- 
terior limb  of  the  liyoplastron :  tlie 
7th-llth  of  broadly  oblong  shape, 
slightly  concave  on  upper  surface,  the 
inferior  faces   being  more  strongly 
convex;  external  borders  forming  a 
continuous  outer  curvature  from  the 
nuchal  to  the  ninth,  but  borders  of 
FioDRE  Z.—Oateapygix  oibbi  9-11  and  the  pygal  marginal  slightly 
(type).    Sketch  of  the  lateral  (.^^^,ex ;  4th-fith  very  slightly  escab 
view  of  the  CHraiiace  and  plas- 1         i  ■  7      j  j 

trou  aa  muuuted.    x  J.  loped   On   inner   upjjcr ,  JMjrder  ana 

exposing  rib  tips  a  little;  7tb- 
10th  with  deep  V-shuped  nott-h  in  inner  upper  boiijer  dis- 
tinctly exposing  the  ti[>s  of  the  ribs;  rib  pits  Hattcned  :  mar- 
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-coBtal  farrow  crosses  the  posterior  corner  of  Ml,  inner 
of  M2  and  3,  nearly  or  wholly  coincides  with  inner  bor- 
of  M4-6  and  crosses  inner  ends  of  M7-11 ;  nnchal,  large, 
>entagonal,  anterior  border  nearly  without  nether  or  costi- 
.  process,  straight  as  viewed  vertically ;  pygal  marginal  of 
inm  size,  notched  anteriorly :  pleurals,  8  pairs,  all  uniting 
itures  with  the  marginals,  with  the  distal  ends  as  broad  as, 
"oader  than,  the  proximal  ends,  and  the  flat  ribs  projecting 
ike  into  pits  in  the  marginals  (gom pilosis) :  neurals  9,  the 
8  about  twice  as  long  as  broad, — No.  1  with  rounded  ends, 
2-7  notched  anteriorly,  rounded  posteriorly,  No.  8,  ellipti- 
S"o.  9  broader  than  long.  Anterior  pygal  assymmetrical, — 
!,  uniting  with  inner  border  of  10th  and  11th  marginals ; 
jrior  pygal  of  sub-trapezoidal  outline,  broadest  in  front, 
with  double  curve  in  posterior  border  for  reception  of  the 
•iorly  notched  pygal  marginal.  (The  anterior  and  posterior 
1  are  represented  by  a  single  pygal  in  Adoeus.) 
I  Horn  Shields. — I'he  boundaries  of  all  the  horn  shields 
lelimited  by  uniform  deep  border  grooving  on  the  bony 
rs:    nuchal    shield   wide;    11    paired    marginals,   with   a 


fUBE  ^.—OaUopqis  Oibbi  type.    Exterior  view  of  plastron  showing  horn- 

I  markingiT.     x  ^. 

Bone  plates. — Ep,    epiplastron;   en,  entoplastron  ;    hy,  hyoplastron; 

rpoplafltron  ;  oepj  ziphiplastron ;  /,  /,  foramina. 

Horn  shields.  —  H,  humeral;   P,  pectoral;  V,  ventral;   F,  femoral; 

■egion  of  indistinct  inframarginals. 
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twelfth  or  snprac^iidal  pair,  none  of  wliich  overlap  tbe  ends 
of  tlie  pleumlia ;  the  4t]i-10tli  risiug  just  to,  or  a  little  above 
the  bottom  of  the  marginal  nof.cli  above  noted  hs  exposing  the 
rib-tips :  coBtala  4  i)airaj  large :  vertebralia  5,  the  l6t-3d  and 
nth  of  normal  pattern,  the  4tb  of  ornate  ontHne  like  tbe  verti- 
cal section  of  a  wide-mouthed  and  email-bottomed  jng. 

(B)  'The  Plastron. — Of  mucli  reduced  size,  the  length  being 
about  I,  and  the  least  width  of  the  bridge  lees  than  {  that  of 
tbe  carapace.  Compoged  of  9  bony  plates,  with  tbe  furrows 
marking  the  horn  sliields  rather  indistinct,  bnt  evidently  as 
shown  in  text  tignre  4. 


\. 


FianRE  5. — 0$teopygis  Qibbi  tjp«.     Entoplastron.     Onter  vian,  natural  ute. 

(l)  Bony  PlateB, — Tbe  general  outline  of  the  bony  plates  com- 
bines features  of  Chelydra  and  of  the  Dermatemyaidffi.  The 
narrow  epiplastra  meet  at  a  rounded  obtuse  angle  as  in  Stauro- 
typxts.  The  entoplastron,  as  shown  in  the  accompanying  text 
figure  5,  exhibits  a  condition  which  is  intermediate  between 
that  seen  in  a  turtle  like  Adocua,  and  the  reduced  and  rod-like 
condition  in  Clielydra.     Union  of  the  remaining  elements  on 
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the  median  line  is  by  digitation — not  by  sntnre,  with  a  large 
aesymmetric  and  sub-oval  median  foramen  at  the  hyo-hypoplas- 
tral,  and  a  much  smaller,  at  the  hvpo-xiphiplastral  junction  (y, 
fj  figure  4).  There  are  also  small  lateral  foramina  of  crescen- 
tic  outline  between  the  5th  marginal  and  the  hyo-  and  hypo- 
plastron,  as  may  be  seen  in  Plate  VIII. 

The  manner  of  the  bridge  connection  with  the  carapace  is 
of  interest.  Although  truly  dactylosteraal,  there  are  distinct 
suggestions  of  a  former  cleidostemal  (closely  interlocking 
suture)  union  as  in  Adocus.  The  axial  and  inguinal  limbs  or 
buttresses  project  into  sockets  in  the  posterior  end  of  the  2d 
and  the  anterior  end  of  the  8th  marginals. 


(a) 


6 


W 


Figure  6. — Osteopygis  Oibbi  type,      x  ^. 

(a)  Left  hnmeniB,  dorsal  view. 

(6)  Right  femnr,  dorsal  view,  with  fibular  trochanter  shown  in  dotted  oat- 
line. 

Cope  speaks  several  times  of  a  large  rib  cavity  in  the  second 
marginal.  But  such  cannot  be  present  in  any  species  of  the 
genus  Osteopygis,  The  second^  or  first  large  rih^  projects  with 
strong  backward  curvature  into  a  long  claw-liie  depression  in 
the  third  marginal.  The  large  pit  in  the  second  marginal 
appears  to  be  a  remnant  of  a  former  hollow  beneath  the  axial 
buttress,  and  must  serve  mainly  for  muscular  attachment,  since 
only  the  lower  edge  is  occupied  by  the  end  of  the  hyoplastral 
peonncle.  The  dactylations  between  the  buttresses  are  short 
and  robust.  Those  of  the  hyoplastron  project  against  the 
lower  inner  border  of  the  3d  and  4th  marginals,  which  are 
pitted  for  their  reception.  Those  of  the  hypoplastron  project 
similarly  against  the  6th  and  7th  marginals,     xhe  hypoplastral 
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limbs  or  peduncles  liowever  pass  gradually  beneath  tbe  pos- 
terior ed^c  of  tbe  seventli,  and  end  ae  mentioned,  in  the  ante- 
rior pit  of  the  eighth  inanfiiials. 

(2)  Horn  Shields. — The  boundarieB  of  the  ])lastral  bom 
ahieldg  are  not  aU  distinct,  and  theee  being  the  only  portions 
wiialsoever  of  either  carapace  or  plastron  that  are  not  entirely 
so,  it  has  been  deemed  best  to  indicate  them,  eo  far  as  deter- 
mined, separately  in  test  figure  4.  As  there  shown,  tbe  iofra- 
marginal  region  is  not  clear.  The  anterior  border  of  the  pec- 
torals, ventrals  and  feinorale  is  however  distinct,  anals  not 
\mu^  present,  or  else  diminutive  as  in  Cheli/dra.  The  gular 
iTOundaries  do  not  show  clearly,  but  these  elements  were  prob- 
ably small  as  in  the  existing  Staurotyjmg  '^afvinii,  with  which 
there  ie  in  tbe  general  arrnugement,  number  and  size  of  parte 
a  fairly  striking  comparison. 

(C)  Limb  and  Other  Bonen. — The  humerus,  as  shown  in 
text  figure  6a,  is  in  part  intermediate  between  what  I  have 
termed  the  cholie  {Chelydra)  and  tbe  parachelic  (Testudo) 
form.*  The  proximal  end  approaches  the  Chelydran  form 
very  distinctly.  It  is  very  large  and  the  shaft  slender.  But 
the  distal  end  is  facetted,  and  in  this  respect  approaches  the 
grooved  character  seen  in  some  forms  of  Testudo.  The  ectepi- 
condylar  foramen  is  a  deep  perforation.  The  oidy  well-marked 
fiiiggcfition  of  departure  in  the  direction  of  marine  forma  is 
afforded  by  the  obtuse  angle  between  the  radial  and  ulnar 
crest,  this  being  markedly  greater  than  in  Chi'h/drn. 

The  femur,  as  mieht  well  be  surmised  in  dateopygis  from 
tbe  ovid  outline  of  tlie  carapace,  is  as  in  Chelydra  distinetly 
larger  than  the  humerus  (see  iigure  6  a  and  h  in  text).     The 


Figure  T.—Osteojiyfjix  GtW/i  type. 

C,  Bnperiot  view  of  seventh  tervieal  centrum ;  A, 
and  B,  of  the  aecond  left  Metatairenlia ;  U,  outer  view 
view  of  right  Tibia. 

•  Some  Observatiomi  on  Certain  Well  Marked  Stages  iu  the  Evolntion  of 
the  Teatndinate  Humarns,  this  Journal,  vol,  ix,  1900,  4111-424.  See  also, 
L'EvolatiOD  dsB  Uh^louieUH  Marin  par  L.  DoUo,  Bull.  Acad.  R07.  Belgiqns 
CI.  Sc.  (Ang.  9,  19ti3). 
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most  distinctive  feature  is  the  continuation  of  the  articular 
surface  well  out  on  to  the  fibular  crest.  The  distal  end,  as  in 
the  humerus,  is  facetted,  not  smooth.  The  characters  of  the 
ulna  and  of  the  tibia,  and  the  several  phalanges  present,  are 
in  the  main  quite  comparable  feature  by  feature  with  these 
several  elements  in  Ckelydra  (see  text  figure  7). 

Of  great  interest  is  the  form  of  the  limbs.  It  is  not  to  be 
said  off  hand  that  Osteopygis  had  flippers,  as  is  implied  by 
placing  the  eenus  in  the  Chelonidae,  as  has  been  done  in  the 
American  edition  of  Zittel's  Handbuch.  The  limb  bones 
above  made  known  are  not  entirely  conclusive  on  this  point. 
The  best  study  of  the  evidence  at  hand  may  be  made  from  the 
following  tabular  statement : — 

Chelydra.  Osteopygls.  Eretmochelys. 

Length  of  shell (26-  )  74-  (37-  ) 

"  humerus 6"  14*5  •    8* 

"  femur 6*4  15*  6- 

"  uhia 3*5  8-  4- 

"  1st  metatarsal  M  3-4  1-4 

Ratio  to  length  of  shell. 

humerus  .•- 4*3  h'\  4*6 

femur _ .  4-0  49  6-1 

ulna 7-4  9*2  9*2 

1st  metatarsal  ...    .  23*6  21*8  26*4 

The  larger  the  ratio  the  smaller  the  part,  whence  Osteopygis 
Gihhi  has  a  relatively  shorter  fenmr,  humerus  and  ulna,  with 
a  longer  metatarsal  than  Chelydra.  But  the  humerus  is  rela- 
tively shorter  than  that  of  Eretmochelys^  the  femur  relatively 
much  longer.  Comparison  of  the  metatarsal  in  Eretmoehelye 
cannot  however  be  readily  made  since  the  hind  flipper  of  the 
latter  is  so  very  greatly  reduced.  The  conclusion  I  am  led  to 
is  that  the  present  species  had  by  no  means  so  well  developed 
flippers  as  I  have  suown  the  primitive  sea  turtle  Toxochelya* 
to  have  had.  But  as  the  phalanges  had  undergone  some  elon- 
gation the  toes  must  at  least  have  been  strongly  webbed  though 
doubtless  they  yet  retained  their  claws.  The  smooth  distal 
end  of  the  humerus  of  the  closely  related  Proplmira  is  con- 
siderably more  like  that  of  the  marine  or  natatorial  types,  and 
may  indicate  that  these  forms  were  undergoing  some  adapta- 
tion of  the  limbs  for  a  pelagic  or  a  littoral  habitat.  It  would 
however  seem  that  the  marine  Chelonians  destined  to  survive 
were  those  which  early  acquired  relatively  powerful  humeri, 
and  it  is  probable  that  a  form  with  a  long  femur  like  Osteo- 
pygis^ even  if  the  feet  were  fairly  developed  as  flippers,  was 

*  Notes  on  the  Cretaceous  Turtles  Toxochelys  and  Archelon  with  a  classi- 
fication of  the  Marine  Testudinata.     This  Jonnial,  vol.  ziv,  1902,  p.  95. 
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not  eo  good  a  swimmer  as  any  of  tlie  existing  marine  tiirtlee. 
In  aoy  cnee  it  is  very  evident  that  Oalenpy^n  and  the  follow- 
ing closely  related  PropUura  are  among  the  most  interestinft 
ot  all  known  fonns  on  the  border  line  lietwcon  littoral  and 
ID  Brine  Chelonians. 

The  7th  cervical  is  coelo-hicyrtean,  the  double  convexity  of 
the  posterior  end  not  lieing  very  marked.  It  is  very  broad 
in  front,  mainly  because  of  heavy  somewhat  downwardly 
direoted  tmnsverse  processes,  and  had  a  heavy  median  keel 
running  along  its  full  length.  The  base  of  the  neural  arcii  ie 
rather  slender.  Ilegardiiig  the  skull  of  (hteopygie  we  are  v^ 
yet  nncortaiu.  It  may  provo  to  be  like  that  of  the  prior  ifenus 
Eucl-a«t^g,  as  was  thougnt  possible  by  Cope  or  lias  since  been 
aiMumed  on  ground  not  known  to  uie.  This  remains  to  bt- 
carefully  proven  or  disproven. 

i^atematic  Position. — The  type  of  the  geims  OsiMtpi/griv  h 
the  sijecies  0.  ejnargitMtHs,  and  the  present  Bj>ecie8  appears  to 
lie  more  nearly  related  to  it  than  to  any  of  the  several  subse- 
<ineiitly  described  forme.  The  type  specimen  of  Osteopyjii' 
(rlhhi  differs  from  O.  emiiTginaius  in  having  a  convex  (not 
slightly  concave*)  outer  surface  of  the  Ist  marginal,  and  in 
the  conformation  of  the  horn  shields  of  the  posterior  mar- 
ginals, several  being  distinctly  smaller.  Also  the  marginals 
are  not  notclied.  The  lack  of  figures,  and  the  fragmentary 
condition  of  the  type,  prevent  further  comparison. 

In  the  case  oi  ()«teopygis  platyl^mMS,  which  has  well  marked 
pleuro-marginaf  foiitauelles,  the  differences  are  clear,  and  it  is 
not  entirely  oxTtain  that  this  species  falls  within  tiic  genus 
Osteopygis,  which  as  hitherto  constituted  is  quite  certainly  too 
far  extended. 

There  is  no  living  form  to  which  Osteopygis  can  be  at  all  so 
nearly  compared  as  can  he  Adocits  to  IMrmatemya.  But  if 
the  carapace  only  be  considered,  there  is  a  certain  resemblance 
to  such  forms  as  Kachuga  and  Ilardella  (Burma  and  Pegu). 
On  the  other  hand,  there  is  marked  similarity  between  the 
plastron  of  Osteopygia  and  that  of  Staurotypus  of  Central 
America.  Moreover  the  carapace  of  this  latter  genus  pre- 
sents certain  features  that  seemingly  could  have  been  derived 
from  some  ancestral  Oateopygid  form  by  fusion  of  parts,  espe- 
cially in  the  l)ygal  region.  It  is  therefore  with  the  existing 
Central  American  genus  Staurotypus  that  we  may  best  com- 
pare OaUopygia,  the  differences  however  being  of  full  family 
value.  It  is  also  very  interesting  how  the  dorsal  characters 
of  such  a  pleurodiran  as  Pleaioehelya  aolodurenais  {Upper 
Jura,  Kimmeridgian)  are  strikinglr  like  those  of  Oateopygia, 
while  the  plastron  is  almost  identically  like  that  of  Adocua. 
•  Proc,  of  the  Phil.  Acad.,  May  13,  1868.  p.  147. 
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— As  to  the  exact  Bjstematic  position  of  the  family  to  which 
Osteopygis  (and  Prapleura)  belong  I  feel  abundantly  justified 
in  for  the  present  withholding  final  judgment,  but  think  it 
would  seem  best  for  the  time  being  to  retain  these  genera  in 
Cope's  Propleuridfie,  and  separate  Lytoloma  in  another  family, 
the  LytolomidfiB. 

Measurements  of  Osteopygis  GibhL 
(Skeletal  parts  uncrushed.) 

(A)  The  Carapace, 

Length  on  straight  line 74*3*'°* 

"       over  curvature  (greatest) 69*0 

Greatest  width 58*  ± 

Projection  beyond  front  end  of  plastron 9*4 

"  "        hinder      "  "       22*4 


(1)  Bony  Plates  of  the  Carapace, 

Exact  length  Length  from  lower 
on  outer  edge  edge  of  Carapace  to 
of  Carapace.         anion  with  pleuraXu. 

Nuchal 12-7^'°  

Ist    Marginal 7*9  6*  *'" 

2d             "        8-2  6- 

3d             "        7-5  6-1 

4th            "        7*6  6- 

5th            "        KO  6-4 

6th            "        8-5  6-2 

7th            "        9  2  8-1 

8th            "        9-5  10-5 

9th            "        9-3  10-5 

10th          "        90  11-1 

11th          "        8-3  11-0 

Median   or   Pygal 

Marginal 83  (7-1) 

Length.  Greatest  width. 

Nuchal 7*5  14'5 

1st  Neural 9-5  4*1 

2d        "       6-5  4-7 

3d        *'        6-5  4-7 

4th       *'        6-5  4-3 

5th       "        (5-  )  3-7 

6th       " (4-5)  3-3 

7th      «        (4-5)  30 

8th       "        (6.5)  (3-8) 

9th       •*        (2.0)  (4-3) 

Pygal  (anterior) 6-  16*2 

"      (posterior) 6*  9-7 

"      marginal 7*1  8-3 
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*ngth  (laterally) 

•  oni'vatun.  along 

Wiattact 

rior  sntDrol  border. 

muldle. 

21  O"" 

10-  ' 

25-0 

7-5 

(a)  Campacial  Morn  SAieMs. 

Extreme  width  of  Nachal B0"° 

Length  of   Ut-llth  Margioalia,  reapectively,  along  outer 
edge  of  carapace : — 

54,  80,  Bl,  8-5,  7-3,  8-5,  95,  9-7,  0-7,  9-5,  8-0,  B4"" 
Greatest  lateral  length  of  lBt-4lb  Costalia,  respectively, 

aro,  l!5-0,  23-0,  16'1>™ 
Greatest  antero  posterior  length  lst-5th  Verlebralia,  respec- 
tively, 11-0,  140,  13-5,  14-0,  14-5"" 

(B)   7Re  Plastron. 
(Shields,  Bony  Plates.) 

Length 4; 

Width,  greatest 4: 

Diataiict'  between  axial  and  inguinal  biittressea  ..  3: 

Length  of  Kpiplastron 9 

Width  of  Entoplastron 6 

Least  width  across  the  hyo-  and  hypoplastral  bridge  1 1 

Greatest  length  of  Xipbiplaston 18 

"         width    of            " 5 

(C)   Other  Skeletal  Parts. 
(1)  The  Humerus. 

Extreme  length IS'l'" 

Distance  from  outer  border  of  radial  to  end  of  ulnar  crest  75 

Diameter  of  head  (dorso- ventral) 3'0 

Dorao-ventral  thickness  of  middle  of  abaft r8 

Greatest  distal  width _ 5'2 

Distance  of  ectepicondyjar  foramen  from  anterior  border.  -8 

(2)  Femur. 

Extreme  length 151 

A ntero- posterior  diameter  of  head 2-3 

"  "  "        of  middle  of  shaft 1'85 

Greatest  or  antero-posterior  distal  width 4'fl 

f3i  Greatest  length  of  ulna 8-3 

(4)  "  "       of  iBt  metatarsal 3-4 

(5)  "  "        of  2d  "  3-1 

(6)  "  "      of  7th  cervical  centrum 3-8 
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(D)  ThickneBS  of  Certain  Bones  of  Carapace. 

Nuchal  on  median  line 1'6^ 

"       at  ends 1'7 

2d  Marginal  at  anterior  end 2*1 

8th         "  "         border 2-6 

8th         "  posterior     "      1*4 

9th         "  "  "       .--    1-4 

Thickness  3d  Marginal  near  inner  border 0'6 

7th  Pleural  at  distal  end 06 

III.  Propleura  Borealis  sp.  nov. — (Plate  IX.) 

A  new  species  belonging  to  a  different  genus  from  Osteopygis^ 
but  to  the  same  family,  the  Propleuridae  of  Cope,  is  indicated 
by  Yale  Specimen  iSo.  778,  from  the  old  Cream  Ridge  Marl 
Company's  Pits,  near  Hornerstown,  Monmouth  Co.,  New  Jersey. 
This  fine  Upper  Cretaceous  turtle  was  received  at  the  Yale 
Museum  in  May,  1870.  It  consists  in  the  nuchal ;  1st  and  2d 
neuralia;  the  2d,  3rd,  5th,  6tli  and  7th  right,  and  the  1st,  2d, 
3rd,  5th  and  6tli  left  marginalia;  the  Ist  and  2d,  the  4th  and 
5th  right  pleuralia,  with  the  Ist  and  2d  left  pleuralia ;  the  hyo- 
plastron  and  hypoplastron  of  the  right  side,  with  both  xiphi- 
plastra ;  the  left  humerus,  the  pubis  and  ilium  of  the  left  side, 
and  both  iscliia.  None  of  these  bones  are  crushed,  and  they 
are  mostly  little  or  not  at  all  broken,  and  in  a  fine  state  of 
preservation,  as  may  be  seen  by  reference  to  Plate  IX,  where 
a  photograph  of  all  is  given,  the  elements  of  the  Carapace 
bemg  placed  in  their  approximately  natural  position,  with  the 
f^rooves  marking  the  boundaries  of  the  horn  shields  marked 
m  ivory  black  water  color.  The  portions  of  the  plastron  pres- 
ent are  but  very  little  broken,  the  view^  given  being  ventral, 
t'ust  as  if  the  parts  w^ere  brought  out  from  their  natural  position 
•eneath  the  carapace  and  to  one  side.  Note  that  the  antero- 
exterior  limb  of  the  plastron  so  often  broken  away  in  dactylo- 
sternal  fossil  plastra  is  entire.  It  projected  into  a  pit  at  the 
posterior  end  of  the  second  marginal,  in  the  manner  also  seen  in 
Osteopyyw^  and  the  interesting  form  of  dactylate  plastral  union 
described  above  for  that  genus  is  also  repeated  m  the  present 
turtle.  The  humerus  was  broken  in  two,  but  the  edges  of 
the  fracture  unite  solidly. 

The  pelvic  elements  unfortunately  have  their  median  sym- 
physial  borders  broken  away,  but  so  much  is  present  as  to 
abundantly  warrant  their  restoration,  as  shown  laid  flat  and 
seen  from  the  ventral  side  on  Plate  IX. 

Description  and  Comparison  with  Osteopygis. 

The  form  before  us  I  shall,  reviving  Cope's  genus,  call 
Propleura  ho7*eali8*    The  specific  name  may  serve  to  lay 

*  Extinct  Batrachia.  Reptilia,  and  Aves  of  North  America.     Trans.  Amer. 
Fhil.  Soc.,  Yol.  xiy,  1869,  pages  188  et  seq. 

Am.  Joub.  8a.— Fourth  Sebies,  Vol.  XVII,  No.  98.— Fkbrua^rt,  \ftQ<, 
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stress  upon  llie  fact  that  tlie  nearest  relatives  of  this  turtle  and 
its  congeners  are,  so  far  as  yet  present  in  existing  faunae,  now 
mainly  to  be  founil  in  far  sonthern  lauds.  Tlie  species  is  next 
related  to  PropUura  (Osteopyeis)  ero«a  of  Cope,  and  to  the 
type  of  the  genus  Propleura  (Osteopygis)  sopita  as  further 
noted  below. 

Tlie  arrangement  of  the  plates  and  liorn  shields  approaches 
that  of  OsteopygU,  but  there  are  many  differences,  the  citatiou 
of  which  following  the  notes  already  made  on  this  genus  will 
answer  quite  fully  the  purposes  of  description.  The  differ- 
ences follow : — 

(fl)  The  surface  of  the  bones  of  the  Carapace  is  not  sniootli 
to  tine  lined,  as  in  Oateopygia,  hut  coarsely  round  pitted  to 
uneven  deptlis,  as  if  by  uainerous  rain  drop  impressions  of 
different  sizes.  Comparison  of  the  surface  of  the  various 
parts  of  the  skeleton  shows  tliat  while  there  are  pittings  pres- 
ent that  may  be  ascribed  to  accidents  of  preservation,  the 
characteristic  pitting  of  the  Carapace  as  sliowu  in  the  plate  is 
'  A  true  surface  sculpturing.  Tlie  pite  are  from  1  to  6"""  across, 
and  frem  1  to  3  or  +""'  deep,  the  average  size  being  about  3""" 
in  diameter  by  2""  in  depth. 

(J)  The  proportion  of  the  farnpacial  parts  is  cjuite  different 
from  that  seen  in  OsUopygis.  The  nuchal  has  much  more 
anterior  concave  curvature  than  in  O.  Gihhi,  and  though 
scarcely  broader  or  longer,  is  nearly  twice  as  thick.  Contrari- 
wise, the  relatively  much  heavier  aecond  luar^fiiiajs  are  longer. 

(c)  Tlie  external  border  of  the  6th  and  7th  marginals  ie 
notched  at  the  boundary  line  of  the  horn  shields,  not  unbroken 
as  in  0.  Gihbi. 

(d)  The  interior  borders  of  the  marginals  present,  following 
the  anterior  two-thirds  of  the  second,  which  like  all  that  of  the 
first  unites  with  the  1st  pleural  hy  suture,  are  smooth.  Also 
the  outer  corners  of  the  rib  plates  following  the  first  end  in 
oblique  smooth  edges,  thus  forming  a  series  of  well  marked 
latei-al  or  pleuro-inarginal  fontanelles,  which  lie  opposite  the 
marginal  junctions  beginning  with  the  2d  and  3d,  and  likely 
extending  to  the  9th  and  lOtli.  These  are  of  broad  crescentic 
outline,  and  the  one  l>ounded  by  the  6tii  and  7th  marginals 
and  the  4th  and  5tli  pleurals  is  7™'  long  and  about  lialf  as  wide. 
See  Plate  IX.  There  are  no  pleuro-iuarginal  fontanelles  in 
the  distinctly  smaller  turtle  Oateopygis  Gihbi,  and  probably 
none  in  any  specimen  justly  referable  to  the  genus.  Such 
fontanelles  formed  at  the  outer  edges  of  the  pleui-alia  consti- 
tute an  anatomical  feature  that  is  quite  different  from  the  mar- 
ginal notch  over  the  3d-9th  rib  tips  as  in  Osteopygis. 

{«)  The  rib  pits  are  of  rounded  conical  shape,  and  not  flat- 
tened. 
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(f)  The  hnmernB  of  Bpecimen  778  has  much  more  rugose 
radial  and  ulnar  crests  than  that  of  Oateopygis,  Also  corre- 
sponding well  with  the  presence  of  pleuro-uiarginal  fontanelles, 
tne  distal  end  is  well  rounded  like  that  of  Chelydra.  The 
general  form  is  chelic  to  chelicoid.  The  angle  between  the 
proximal  crests  is  much  more  obtuse  than  in  any  of  the  Chely- 
dridfiB,  and  the  ectepicondylar  foramen  is  well  enclosed.  This 
latter  is  a  retained  primitive  position. 

The  Pelvis. — The  pelvis  of  the  type  just  described  is  for- 
tunately present  as  mentioned  above,  and  can  only  be  given 
separate  description,  since  this  portion  of  the  skeleton  of 
Osteopygis  and  allied  forms  has  not  hitherto  been  known. 
Although  the  median  symphysial  borders  of  both  the  pubes 
and  ischia  are  broken  away,  the  remainder  of  the  pelvic  out- 
line is  quite  entire,  and  has  warranted  the  restoration  sliown 
in  Plate  IX.  There  the  parts  are  shown  laid  out  flatwise  and 
as  seen  from  their  lower,  that  is,  from  the  acetabular  side. 
The  general  structure  and  outline  of  parts  is  much  like  that 
seen  in  Chelydra^  except  that  tlie  distal  articular  surface  of 
the  pubis  is  much  longer  as  in  the  marine  turtle  Toxochelys^ 
which  also  has  a  somewhat  Chelydra-like  pelvis. 

It  is  to  be  noted  that  the  preceding  facts  and  comparisons 
indicate  a  turtle  close  to  Propleura  (Osteopygis)  eroaa  Cope, 
the  type  of  which  has  not  been  figured.  Cope  says  the  species 
O,  erosiis  has  vertebral  bones  more  tlian  twice  as  long  as  wide, 
which  is  not  the  case  in  the  1st  and  2d  vertebrals,  the  only 
ones  preserved,  in  the  turtle  before  us.  Completer  knowledge 
of  the  two  species  may,  however,  sliow  their  identity.  From 
Propleura  (Osteopygis)  sapita  separation  is  based  on  the  dif- 
ferent proportions  of  the  marginals,  though  in  most  other 
respects  there  is  close  agreement  so  far  as  may  be  adjudged 
from  the  fragmentary  type  material  described  and  figured.* 
But  generic  separation  of  tliese  specimens  from  Osteopygis 
must  hold  as  based  on  the  presence  of  well-marked  lateral 
pleuro-marginal  fontanelles,  conical  rib  pits  of  the  marginals, 
and  humeri  with  smooth  not  sculptured  distal  ends. 

Measurements  o/  Propleura  borealis. 

Greatest  width  of  Carapace 65'6*^" 

Length  of  Marginals  measured  along  the  outer  edge: 

Ist  Marginal 10*0 

2d         "         9-5 

3d         "  7-5 

4th        ". 

5th        "         90 

6th        "  10-4 

7th        "         11-0 

*  Extinct  Batrachia,  Reptilia  and  Aves,  Plate  VII. 
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Lt'ngth  over  curvature  measured  along  posterior 
sutural  borders. 

1 8t  Pleural 21-0" 

{2d       "     ) 28-0 

3d         "       25-0 

4tli       "       24-0 

fith        "       21-0 

Width  of  Xuchal  measured  along  anterior  border  14*0 

GreaiBBi  widtb  of  Nucbal IB'S 

Anterior  posterior  length  of  Nuchal 6*0 

Anterior-posterior  length  of  first  Neural 10'2 

Greatest  width  Ist  Neural 5*5 

Greatest  width  2d  Nenral 3"7 

Tka  Plastron. 

Greatest  lateral  width  of  the  byoplastron 25'0 

"  "  "        hypoplastron 17-0 

Length   along  median    line   of    interdigition   of 

Xiphiplastra I  ]-n 

The  Pdain. 

Distance  from  lower  outer  border  of  acetabular 
surface  to  base  of  the  enlo-ectopubic  notch 
(or  curve) - 6'2 

Distance  from  acetabulum   to  base  of  inner  post 

ischial  curve 5-5 

Least  distance  from  center  of  acetabulum  to  ex- 
tremity of  ilium  (or  surface  of  iliac  support 
on  carapace) 8'0 

The  Humerus. 
(Normal  in  every  respect.) 

Extreme  length 17 -o 

Distance  from  outer  border  of  radial   to  end  of 

ulnar  crest 7'8 

Diameter  of  head  ( do rso- ventral)  .I'^S 

Dorso-ventral  thickness  of  shaft 1'7 

Greatest  distal  width 5-4 

Distance  of  entepicondyjar  foramen  from  anterior 

border 11 

Paleontologicftt  Lttboratnr;, 

Yale  University  MnHenm, 

New  Hsveo,  Conn. 
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Art.  X. — Studies  of  Eocene  Mammalia  in  the  Marsh  CoUec- 
tiony  Peabody  Museum ;  by  J.  L.  Wortman. 

[Continued  from  vol.  xvii,  p.  38.] 

Omomt/s  pucillus 'Mskreh. 
Hemiaeodoji  pucillus  Marsh,  this  Joomal,  1872,  p.  22,  Separata. 

The  type  of  this  species,  figure  124,  consists  of  a  fragment  of 
a  right  mandibular  ramus  bearing  the  second  molar,  the  struc- 
ture of  which  agrees  very  closely  with  that  of  the  corresponding 
tooth  of  0.  Ca7'terij  but  the  former  is  distinctly  smaller.  A 
second  jaw  fragment  in  which  the  ^24 

second  and  third  molars  are  pre- 
served undoubtedly  belongs  to  the 
same  species.  In  my  own  collec- 
tion, there  are  two  jaw  fragments 
in  association  with  two  superior 
molars,  and  in  the  Marsh  collection 
there  is  one  entire  series  of  superior 
molars.  These  additional  speci- 
mens, figures  125  and  126,  furnish 
as  complete  a  knowledge  of  the 
dentition  as  that  described  in  the 
foregoing  species.  The  dental  for- 
mula of  the  lower  jaw  is  the  same     Fw^re  124. -Jaw  fragment 

/^   /-y     ^      *        J      'xi  i?        containing  the  lower  molar  of 

as  in  O.  Carter  I,  and  with  some  few  the  right  side  of  OmomyspudUus 

exceptions,  which  are   of   no   more  Marsh  (type  of  Hemiacodon  jm- 

than  specific  importance,  the  details  ctWu«  Marsh) ;  side  and  crown 
of  stJctpre  are  very  similar.  Tl^e  -^  [J^  -°"  *^-  "^ 
chief    distinctions    separating    O. 

125 


size. 


FiouRB  125. — Lower  jaw  and  two  superior  molars  of  Omomys  pucillus 
Marsh ;  side  view  of  lower  jaw,  with  side  and  crown  views  of  teeth,  and 
crown  view  of  saperior  molars ;  the  last  are  represented  in  outline  five  times 
natural  size,  while  the  lower  jaw  is  a  little  less  than  three  times  natural  size, 
and  is  drawn  from  three  specimens. 

jyuciUus  from  0.  CarterisLre  the  following:  The  species  is  con- 
siderably smaller ;  the  last  lower  molar  is  slightly  more  reduced, 
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and  tbere  is  a  distinct  ridee  descending  from  t!ie  external  ctisp 
of  tlie  heel  into  the  valfty — a  Btmctnre  which  is  wanting  in 
O,  Carteri ;  the  crowu  of  the  last  npper  molar  is  not  bo 
pointed  internally;  tlie  postero-internal  cnsp  ie  better  devel- 
oped upon  the  second  than  on  the  first  molar;  the  interme- 
diates are  a  little  less  distinct  than  in  O.  Carten. 

The  species  is  thus  far  known  from  the  lower  and  middle 
horizons  oi  the  Bridger. 

Omumys  Ameghiui  sp.  iiov. 
A  third  still  smaller  species,  which  I  refer  provi»iiiiially  t*i 
this  genus,  is  represented  uy  a  fragment  of  a  lower  jaw  of  the 
loft  side,  containing  the  socoud  and  third  molaru.  figure  127. 
Besides  being  smaller  in  size  than  that  of  0.  pucUhts,  t  he  triicon 
is  elevated  alxive  the  heel  to  a  much  greater  extent.  This  gives 
a  somewhat  insectivorous  appearance  to  the  teeth,  bnt  tliey  are 
otherwise  ae  in  the  species  of  Omomys. 


FiotJRB  126.— Crown  view  of  three  superior  molarB  of  the  right  side  of 
Omomys  pucHlui  Marsh  ;  two  and  one-half  timeg  nstnral  Hize. 

PlOuRB  127.— Jaw  fragment  of  the  left  side  of  Omomys  Amtghini  Viorl- 
maD ;  aide  and  crown  views  ;  two  and  one-half  timcB  natural  size.     (Type.) 

The  last  molar  is  little  rednced,  and  the  anterior  cusp  of  the 
trigon  is  distinct  in  both  the  second  and  third. 

The  locality  from  which  the  specimen  was  obtained  is  not 
mentioned  on  the  label,  unfortunately,  so  that  its  exact  horizon 
is  unknown.     The  specimen  was  found  by  Mr.  J,  W,  Chew. 


8  ttintensU  Osborii. 

»  Osborn,  Bull.   Amer.   Man.   Nat.   Hist.,  1895,  p.  77; 
>.  202. 

This  species  of  Omomys  was  founded  npon  a  fragment  of 
jaw  from  tlie  Uinta,  containing  tlie  tliird  and  fourth  pre- 
molars and  the  first  and  second  molai's.  The  specimen  is  pre- 
served in  the  American  Museum  collection,  and  lias  recently 
been  figured  by  Osborn  in  his  jiaper  <m  the  American  Eocene 
Primates,  At  the  time  of  its  description,  Osborn  referred  the 
specimen  to  the  genus  Microsyops,  but  in  his  last  paper  that 
reference  is  considered  erroneous.  After  a  careful  examina- 
tion of  tlie  type  and  a  detailed  comparison  with  Omomyt,  I 
am   fully  convinced  tliat  it  is  the  Uinta  representative  of  this 
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ireniis,  and  is  therefore  the  only  Primate  thus  far  known  from 
the  Uppermost  £ooene  of  North  America. 

Its  relationship  is  at  once  seen  in  the  elevated  character  of 
the  crown  of  the  third  premolar,  as  well  as  in  the  general 
agreement  in  the  structure  of  the  teeth.  It  is,  however,  the 
largest  species  of  the  genus  known,  and  exhibits  a  marked 
advance  in  the  structure  of  the  teetli,  in  the  more  widely  sepa- 
rated and  distinct  condition  of  the  internal  cnsp  of  the  fourth 
premolar,  as  well  as  in  the  absence  of  the  anterior  cusp  of  th« 
trigon  on  the  second  molar.  The  Bridger  species  are  all 
smaller  and  more  primitive. 

Hemiacodon  gracilis  Marsh. 

Hemiacodon  gracilis  Marsh,  this  Journal,  September,  1872,  Separata, 
August  13,  1872,  p.  21 ;  Omomys  gracilis  Osborn,  American  Eocene  Primates, 
BnU.  Amer.  Mus.  |^at.  Hist.,  June,  1902,  p.  178. 

This  is  one  of  tlie  most  abundant  species  of  monkey  in  the 
Bridger  formation,  and  as  far  as  the  specimens  show  is  con- 
fined to  the  upper  levels  of   the   horizon.     The  type  upon 

128 


Figure  128. — Portion  of  right  mandibular  ramus  of  Hemiacodon  gracilis 
Marsh ;  inside  view ;  two  and  one-half  times  natural  size.  (Tjpe  of  the 
genus  and  species.) 

The  elevation  of  the  summit  of  the  crown  of  the  third  premolar  is  greater 
in  the  type  than  in  other  specimens,  on  account  of  being  partially  out  of  the 
socket. 

which  Professor  Marsh  established  the  genus  and  species  con- 
sists of  a  considerable  part  of  a  right  mandibular  ramus,  figure 
128,  bearing  the  third  and  fourth  premolars  and  the  three 
molars  in  excellent  preservation.  The  specimen  also  exhibits 
the  alveoli  for  the  second  premolar,  canine,  and  the  two  inci- 
sors, but  is  not  sufficiently  complete  in  front  to  admit  of  a 
determination  of  the  number  of  incisors  beyond  all  question. 
As  compared  with  Omomt/s  Cartey^l^  the  teeth  of  the  lower 
jaw  display  in  their  structure  a  striking  similarity  to  those  of 
this  species,  and  it  is  not  at  all  surprising  that  Professor  Marsh 
should  have  referred  the  two  to  the  same  genus.  The  chief 
differences  consist  in  the  enlargement  of  the  first  incisor  and 
the  reduced  condition  of  the  second  incisor,  canine,  and  second 
premolar,  as  well  as  in  the  better  development  of  the  internal 
cusp  of  the  fourth  premolar  in  Hemiacodon  gracilis.  The 
relations  of  the  teeth  in  the  front  part  of  the  jaw,  I  regard  as 
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of  more  timn  8pe«itic  importance,  and  these  conatitiite  in  my 
estimatioa  the  tiiaiu  characters  upon  which  the  generic  die- 
tiiietion  rests. 

In  the  molars  the  anterior  cusp  of  the  trigou  h  distinct  in 
all,  biit  least  bo  in  the  last.  There  is  likewise  a  very  faint 
indication  of  a  posterior  median  cusp  in  the  heel  of  the  first 
and  second  molars  in  the  type,  but  in  other  specimens  it  is 
apparently  absent.  The  posterior  portion  of  the  crown  does 
not  widen  no  rapidly  as  is  tlm  case  in   Omomijs  dartcri^  the 


FiouBB  139. — Left  lower  jaw  of  Uemiacodon  graeilia  Marsh ;  external 
view  i  two  and  one-half  timei  natural  iize ;  drawn  from  two  epecimeoB. 

FiouRB  130. — Crown  view  of  the  same  specimen. 

In  the  drawing  the  alveolus  of  the  first  incisor  does  not  appear  as  large  aa  it 
actoallf  is.  The  upper  portion  of  the  alveolDs  is  broken  awaj,  so  that  only 
the  bottom  of  the  cavity  is  shown. 

transverse  diameter  of  the  anterior  and  posterior  moieties  being 
more  nearly  equal.  The  fonrtli  premolar  is  more  advanced  in 
stnieture  than  the  corresponding  tooth  of  0.  Carteri.  The 
third  premolar  in  the  type  shows  no  trace  of  an  internal  cnsp, 
but  in  some  otJier  specimens  in  the  collection,  of  which  forty  or 
fifty  individuals  are  represented,  there  is  a  distinct  rudiment  of 
this  structure  to  be  seen. 

The  second  premolar  and  canine,  fipures  129  and  130,  are 
preserved  in  several  specimens,  and  their  reduced  size,  as  com- 
pared with  the  third  premolar  and  the  corresponding  teeth  of 
0.  Carteri,  is  very  evident.  The  incisore  are  not  preserved  in 
any  spechnen  in  tlie  collection,  but  in  several  the  front  part  of 
the  jaw  is  sufficiently  complete  and  well  preserved  to  permit  the 
alveoli  to  be  made  out  witli  certainty.  From  these  the  number 
is  shown  to  be  two,  of  which  the  first  is  considerably  larger 
than  the  second.    The  teeth  were  implanted  in  an  uninterrupted 
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Beries  and  tliere  is  good  evidence  tliat  the  iocisorB  were  not 
verv  procumbent  in  position.  The  two  halves  of  the  lower  jaw 
were  not  cooasified,  even  in  the  most  aged  individuals. 

In  the  upper  jaw,  figure  131,  the  teeth  occur,  in  many 
exannples,  in  association  with  those  of  the  lower  aeries.  The 
structure  of  the  molars  is  distinctive,  not  only  by  reason  of  the 
rather  sharply  quadrate  outline  of  their  crowns,  but  also  because 
of  their  relatively  great  transverse  extension.  The  first  and 
second  are  subeqiial  in  size,  and  the  third  is  considerably 
131 


FionnElSI, — Superior  molars  bhiI  foarth  premolar  of  Hemiacodon  gradtis 
Uareh  ;  crown  view  ;  two  aud  one-linlf  tiuiBB  Datnral  aize. 

The  representBtion  of  the  forward  extension  of  the  inleniftl  cingnlnm  of 
the  molars,  as  well  ee  the  Hize  of  the  internal  cin^lar  cnsp,  la  somewhat 
exaggerated, 

rednced.  The  external  cusps  are  moderately  flattened  upon  their 
outer  aide,  especially  tlie  posterior  one,  and  tiiey  are  oordered 
externally  by  a  strong  basal  cingulum.  The  intennediates  are 
unnsually  well  developed,  and  there  is  a  large  internal  pyramidal 
cusp.  Asmall  postero- internal  cnsp  is  developed  from  the  cingn- 
lum,  which  continnes  forward  around  the  inner  side  of  the  crown, 
and  gives  rise  to  a  moderately  strong  subsidiary  internal  cusp. 
The  extent  to  which  tliis  cusp,  as  well  as  the  forward  extension 
of  the  cingulum,  ia  developed,  however,  appears  to  vary  in  the 
different  specimens;  in  some  the  cnsp  is  very  distinct,  while  in 
others  it  ia  scarcely  visible.  The  fourth  premolar  has  single 
external  and  internal  cusps.  The  third  and  fourth  premolars 
are  implanted  by  three  roots,  two  external  and  one  intenial. 
The  teeth  anterior  to  these  are  unknown  with  certainty.  The 
enamel  is  finely  rugose  in  both  tbe  upper  and  the  lower  teeth. 
In  the  fragment  of  a  maxillary  here  figured,  the  anterior 
limits  of  the  malar  can  be  easily  made  out.  It  is  thus  sliown 
that  it  does  not  reach  forward  to  the  lachrymal,  but  leaves  the 
maxillary  a  considerable  share  in  tbe  anterior  boundary  of  the 
orbit,  as  in  the  monkeys.  The  rather  small,  single,  infraorbital 
foramen  ia  situated  above  and  opposite  the  posterior  edge  of 
the  third  premolar,  about  in  the  same  relative  position  as  that 
of  the  squirrel  monkey.  The  maxillary  gives  further  evidence 
of  proportionally  large  orbits,  and  if  the  superior  dental  for- 
mula was  the  same  as  that  for  the  lower  jaw,  the  muzzle  must 
have  been  considerably  abbreviated.    The  whole  aspect  ia,  in 
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fact,  not  nn\y  cimracteristically  Primate,  but  one  eonsider&blT 
advanced. 

In  one  specimen  the  head  of  a  humerus  ih  afiEociated  with 
ft  friujment  of  a  lower  jaw,  which  ie  appareatly  the  proper  size 
ioT  llemiacoflon,  granilia.  The  character  of  this  bone  is  dis- 
tinctly Primate.  Among  the  livine  forms,  it  bears  a  eloeor 
reeemblaiice  to  the  huinenis  of  Propilheoue  and  Avahia  than  to 
any  other  with  which  I  Lave  compared  it.  This  is  particularly 
evident  in  the  relatively  preat  development  of  the  lesser  tuberoB- 
ity  and  its  inward  and  backwapi  i)nijection  from  the  articnlar 
head.  In  this  respect  it  also  resembles  the  humerus  of  Tarsiu^. 
Ilapiil4,  and  C'ehus,  although  not  so  closely  as  it  does  that  of 
the  genera  above  mentioned.  The  lar|^  size  of  the  lesser 
tuberosity  is  likewise  a  conspicuous  feature  of  the  Inimenis 
of  Limnotherium,  from  whieli  it  may  be  concluded  that  it  is  a 
primitive  character. 

Professor  Marsh  has  given  the  following  measurements  of 
the  type : 

Longitu'linal  extent  of  the  nine  lower  teeth   20-5 

Extent  of  premolar  and  molar  series  _ 17'2 

ExteiU  of  true  tiiulars   _ 11*0 

A ntero- posterior  diameter  of  last  lower  molar 4-0 

Transverse  diameter  of  last  lower  molar 3-4 

Depth  of  jaw  below  last  lower  molar 8-3 

The  type  specimen  was  found  near  Henry's  Fork,  by  Mr,  G. 
O.  Lohdell,  Jr.  The  tither  specimens  of  the  collection  are 
from  the  same  horizon. 

Semiacodmi  pygmcBus  sp.  nov. 

A  second  species  of  this  genus  is  indicated    by  a   single 

superior  molar,  figure  132.     Under  ordinary  circumstances,  I 

should  deprecate  the  proposal  of  a 
new  specitic  name  upon  such  an 
incomplete  specimen,  but  in  the 
present  instance  the  relationship  is 
so  clearly  indicated  and  the  differ- 
ences are  so  patent,  that  I  do  not 
FioDRB  133.-Snperior  molar  liesitate  to  follow _  this  otherwise 
ot  Hemiacodon  pygmtut  Wort-  repreheufiible  practice, 
man;  crown  view;  tonr  and  The  tooth  in  question  displays 
a™!       "'"*'    "  ""■'*'   undoubted   aftfnities   with    the 

molars  of  flemiacodon  gracilis,  la 
its  quadrate  outline,  its  relatively  great  transverse  extension, 
and  the  general  arrangement  of  the  cusps.  The  external  cusps 
are  somewhat  more  conical  than  those  of  H.  gi'acUia,  but  the 
intermediate  and  internal  cusps  are  practicalfy  the  same  as  in 
tliat  species.  The  great  diflterence  is  seen  in  the  size,  H. 
pygmcetia  being  but  uttle  more  tiian  one-half  as  large  as  ff. 


i 


1S2 


Marih  Collection^  Peabody  Museum.  139 

grcunlis.  It  is  possible  that  the  tooth  pertains  to  the  small 
species  described  as  Omomys  Ameghini,  but  I  do  not  think  it 
likely. 

The  locality  is  not  clearly  indicated  on  the  label,  but  the 
specimen  was  associated  with  other  fragments  from  Dry  Creek, 
which  gives  it  an  upper  middle  position  in  the  Bridger  horizon. 

Etiryacodon  lepidus  Marsh. 

Euryacodmi  lepidus  Marshy  this  Jonmal,  August  and  September,  1872,  p. 
33,  Separata. 

Professor  Marsh  in  describing  this  genus  and  species  says : 
*'  A  small  mammal,  doubtless  an  insectivore,  is  represented  by 
a  fragment  of  an  upper  jaw  containing  the  last  two  molars  in 
perfect  condition.  Our  collections  contain  otl^er  characteristic 
fossils  which  appear  to  be  specifically  identical  with  this  speci- 
men. The  teeth  preserved  agree  nearly  in  the  composition  of 
their  crowns  with  the  molars  described  by  Dr.  Leidy  under  the 
name  Palceacodon  verus^  but  each  has  its  inner  margin  pro- 
duced into  a  small  tubercle.  In  the  penultimate  upper  molar, 
this  tubercle  is  especially  prominent.  The  outer  margin,  also, 
of  these  molars  has  but  a  single  faint  indentation  between  the 
external  cusps.  Both  teeth  are  surrounded  by  a  distinct  basal 
ridge.  The  speciuiens  preserved  indicate  an  animal  about  as 
large  as  a  weasel." 

Besides  the  type,  there  are  in  the  collection  four  other  ex- 
amples which  I  refer  to  this  species.  One  of  these  is  a  fragment 
of  an  upper  jaw  bearing  the  second  and  third  molars,  just  as 
in  the  type ;  and  three  lower  jaw  fragments,  which,  however, 
in  no  instance  are  associated  with  the  upper  molars.  The 
reference  of  the  latter  to  this  species,  therefore,  contains  an 
element  of  uncertainty. 

The  upper  molars,  figure  133,  resemble  those  of  Omomye 
Carteri.  In  the  second  molar  of  this  latter  species,  however, 
figure  123,  the  anterior  internal  cingular  cusp  is  not  devel- 
oped, while  in  Euryacodon  lepidus  it  is  strong.  The  last 
molar,  moreover,  in  the  latter  species  is  a  little  less  reduced 
and  the  crown  is  not  so  narrow  and  pointed,  especially  on  its 
internal  or  lingual  side.  The  external  cusps  are  rather  conical, 
and  the  intermediates  are  moderately  well  developed.  The 
homologue  of  the  main  postero-internal  cusp  has  a  somewhat 
more  external  position,  and  this  portion  of  the  crown  has  a 
distinctly  less  i*ectangular  outline  than  the  corresponding  tooth 
in  Omomya  Carteri, 

In  the  lower  jaw,  figure  134  (if  the  specimens  are  correctly 
referred  to  this  species),  the  molars  only  are  known.  The 
structure  of  their  crowns  is  quite  different  from  that  of  any 
species  of  Omomys,     The  anterior  cusp  of  the  trigon  is  well 
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developed  in  tlio  tirst  molar,  and  lias  nearly  tbe  same  relatiosB 
ae  ill  the  corresponding  tooth  of  Omomi/s  CarterJ.  In  the 
soooiid  molar,  however,  tliis  cusp  has  a  lunch  more  posterior 
position  and  ie  decidedly  smaller,  while  in  the  third  it  is  com- 
pletely abBeiit.  The  last  molar  is  narrower  and  more  reduced 
than  in  Omomy«.  and  the  heel  lacks  the  dietiuet  pointed  cii^ 
seen  in  al!  the  siKKiies  of  that  )^nu8.  The  crowns  of  the  upper 
molars,  especially  that  of  the  second,  are  almost  as  wide  in 
front  HS  heliind,   being  in  marked  contrast    with    the   mokr 


FiQUBE  ISS. — Two  miiierior  jQOlfttB  of  Ettryiifndon  Irpidvt  Kamh  \  crown 
view  ;  H  little  Ims  than  fuur  tim^  aatnntl  Hize.    (Type  of  ijenna  and  species  I 

FiQDRE  184.— Lower  jnv  fragment  <i(  fiiiryucoiion  Upidui  Manh  ;  »id* 
and  ciowti  riewa ;  two  and  on«-haIf  tiraea  natnml  aize. 

crowns  of  the  species  of  Omwtiys.  Thus  it  will  be  seen  that 
the  lower  molars  of  Euryaoodon  are  more  advanced  than  those 
of  Omomys,  and  there  can  be  apparently  very  little  doubt 
that  they  represent  distinct  genera. 

The  complete  dentition  of  the  lower  jaw  is  unknown,  and  I 
have  proviBionally  referred  the  genus  to  the  Omomyinae.  A 
comparison  with  the  type  of  Cope's  Anaptomorpkua  wmtdiu, 
from  the  lower  horizon  of  the  Bridger  beds,  shows  many 
points  of  similarity.  As  ie  well  known,  the  type  of  this  latter 
species  consists  of  a  lower  jaw  in  which  the  first  and  second 
molars  are  present,  but  the  third  is  missing  from  the  specimen. 
In  Anaptomorphus  the  anterior  cusp  of  the  trigon  has  disap- 
peared in  both  the  tirst  and  second  molars,  which  at  once 
establishes  the  fact  that  it  is  at  least  a  different  speeiea  from 
Euryacodon  lepidus  and  the  most  advanced  form  of  Primate 
thus  far  known  from  the  American  Eocene.  It  is  upon  this 
account  that  I  have  chosen  to  regard  Euryacodon  and  Anapto- 
morphut  as  distinct  from  each  other,  until  the  full  dentition  of 
the  former  and  the  upper  teeth  of  the  latter  are  more  fully 
known.  If  Eunjacodon  is  eventually  found  to  possess  only 
two  ]>remolars  in  the  lower  jaw,  it  will  then  probably  be 
necessary  to  unite  the  two  genera  under  the  name  Euryacodom^ 
since  the  latter  has  distinct  priority  over  Anaptotnorphuf. 
[To  be  continued.] 
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Art.  XL  —  Th€  Structure  of  the  Piedmont  Plateau  aa 
shown  in  Maryland;  by  Edward  Bennett  Mathews. 
(With  Plate  X.) 

The  structure  of  the  more  or  less  metainorphosied  sedimen- 
tary and  igneous  rocks  exposed  in  the  Piedmont  Plateau,  lying 
between  tlie  Blue  Ridge  on  the  west  and  the  Coastal  Plain  on 
the  east  along  the  Middle  Atlantic  coast  from  New  York  south- 
ward, is  a  geological  problem  of  wide  interest  to  American 
geologists  and  has .  occasioned  more  or  less  discussion  among 
various  investigators  who  have  worked  upon  it. 

Throughout  the  Piedmont  region  are  exposed  numerous 
highly-crystalline  gneisses  and  schists  intermingled  with  crys- 
talline limestones,  ([uartzites,  and  phyllites  which  have  been 
intruded  by  large  and  small  igneous  masses  of  granite,  gabbro, 
serpentine,  and  volcanic  rocks ;  all  of  which  have  been  meta- 
morphosed in  varying  degree  up  to  the  point  where  they  have 
lost  all  evidence  of  their  original  condition. 

The  deciphering  of  the  various  formations  occurring  within 
the  Piedmont  is  still  in  progress  and  many  areas  are  yet 
unstudied,  but  the  areal  distribution  of  the  various  formations 
throughout  the  region  north  of  Virginia  has  been  determined 
with  sufficient  accuracy  to  indicate  the  various  types  of  rock 

f)resent.  The  areas  about  Washington,  Philadelphia,  and  a 
arge  portion  of  the  intervening  country  within  the  limits  of 
the  State  of  Marvland.have  been  studied  in  detail  until  it 
seems  that  some  clue  has  been  gained  regarding  the  broad 
structural  features  and  geological  relationship  of  this  compli- 
cated region.  In  the  present  paper  it  is  proposed  to  give  a 
tentative  interpretation  of  the  l)roader  structural  features  as 
shown  in  Maryland  by  the  detailed  mrfj)ping  of  the  author  and 
his  assistants  during  the  last  seven  years.  The  basis  of  work* 
includes  a  reconnaissance  of  the  entire  Marvland  Piedmont 
and  the  detailed  mapping  of  approximately  1250  square  miles 
lying  north  and  east  of  Baltimore. 

General  Characteristics  of  the  Piedmont. 

The  crystalline  rocks  of   the   Piedmont   Plateau    are   well 
exposed  in  the  area  about  Ts^ew  York,  where  they  have  been 

*  While  the  work  in  Maryland  has  been  in  progress,  the  author  has  had 
manj  ofiBce  and  field  conferences  with  Dr.  Bascoiu,  who  has  generously 
aUowed  him  to  examine  and  to  use  her  detailed  manuscript  maps  of  the 
Philadelphia  area.  The  work  in  Maryland  has  been  conducted  independ- 
ently at  the  same  time  and  both  investigators  have  been  led  to  similar  resnlts 
for  their  special  regions.  The  application  of  their  common  interpretation  to 
the  whole  area  of  the  Eastern  Piedmont  is  here  first  issued  by  the  author, 
who  wishes  to  acknowledge  the  assistance  received  from  his  knowledge  of 
Dr.  Bascom's  resnlts  which  have  most  generously  been  placed  at  his  dis- 
posal. 
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studied  by  Dr.  F.  J.  H.  Merrill*  and  hifi  colleagues.  SoitUt- 
wnrd  from  tli«  New  York  nrea  the  older  crvstalline  rockawf 
the  Piedmont  are  covered  by  tlie  formations  of  the  Jura-triaa 
and  do  not  appear  a^in  until  in  the  vicinity  of  Trenton,  wheoce 
they  pase  sonthweetward  acro&a  Peun^ylvania  into  Maryland, 
offerinff  numerous  good  exposui-ee  along  the  banke  of  the  Dela- 
ware, Schuylkill,  and  Braudywino,  wliere  they  have  been 
Inveutigated  by  members  of  the  Pennsylvania  Survey  and 
more  recently  in  great  detail  by  Dr.  Ba^com.  Within  the 
limits  of  Maryland  the  Piedmont  crystallines  are  trenched  hj 
the  Susquehanna.  Gunpowder,  Patapsco,  Patuxent,  and  Po- 
tomac riverg  and  their  tributaries.  Beyond  the  Potomac,  the 
same  formations  are  continued  southward  through  Virginia, 
North  and  South  Carolina,  Georgia  and  Alabama,  where  they 
have  been  exanjined  by  members  of  the  diflereut  StJitii  survevK 
and  by  Mr.  Arthur  Keith  of  the  U.  S.  Geologieai  Survyy. 

In  each  of  the  areas  studied,  about  New  York,  Philadelphia, 
Baltimore,  and  Washington,  similar  series  of  rooks  have  lieeii 
found  but  the  interpretation  of  their  relatiouBhtp  has  varied 
somewhat,  and  until  recently  no  attempt  has  been  made  to 
determine  the  structure  of  the  territory*.  The  following  table 
represents  the  fithologic  types  recognized  in  the  different 
regioue  by  the  various  authors. 

From  the  following  table  it  is  easily  seen  that  four  distinct 
types  of  rocks  have  been  recognized  in  each  of  the  areas,  though 
not  always  represented  on  1  he  maps  accompanying  the  verbal 
description.  These  are  (1)  a  banded  gneiss.  (2)  a  thin-bedded 
or  arkosic  qnarfzitc,  (3)  a  marble,  and  (4)  a  series  of  n\\va 
schists. 

landed  Oneina. — In  each  of  the  ai'eas  is  a.  highly  crystalline 
gneiss  composed  of  quartz,  feldspar  and  mica  with  accessory 
minerals  so  distributed  as  to  produce  a  well-marked  gray  banded 
gneiss,  the  individual  bands  of  which  vary  from  a  fraction  of 
an  inch  upward,  the  average  thickness,  however,  being  quite 
small.  Some  of  these  beds  are  highly  quartzose  resembling  a 
micaceous  quartzite,  others  are  rich  in  biotite  or  hornblende 
producing  dark  to  black  bauds  indistinguishable  in  a  hand  si)eci- 
men  from  mica  and  hornblende  schists  and  gneisses  derived 
from  igneous  rocks  by  metainorphism.  Through  these  banded 
gneisses  are  intruded  pegmatite  and  aplitie  dikes  more  or  less 
parallel  to  the  regular  banding  of  the  gneiss.  In  all  of  the 
areas  these  beds  are  found  higlily  inclined  in  their  banding, 
which  represents  original  variation  in  composition  of  the  sedi- 
ments or  the  igneous  rocks  from  which  they  were  formed. 
Some  authoi-s  have   regarded   these  as  sedimentary,  some  as 

•N.  Y.  Folio,  Geologic  AtUH  of  the  United  States,  Folio  No.  88,  Wash- 
ington, 1903, 
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igneous,  some  as  eedimentarv  masses  intruded  hy  igueous  rock 
to  form  so-called  injectiun  ffneisseB.  All  have  agreed  that  these 
banded  gneisses  are  probably  pre-Cambrian  in  age  whatever 
their  origio.  Usually  in  eastei'n  Maryland  they  are  separated 
from  other  metamorphosed  sedimeiitary  rocks  by  igiieons 
masses,  but  in  the  vicinity  of  Baltimore  and  in  the  Philadelphia 
area,  as  shown  by  Dr.  Basconi,  these  banded  gneisses  imme- 
diately imderliu  the  quartzite. 

The  Quarteite. — Tlie  qnartzite  is  a  fiue-graiited,  somewhat 
saccliaroidal,  thill-bedded  qnartzite  of  white-brown  color.  The 
beds  are  nsnally  separated  by  thin  films  of  rauscovite  in  small 
sparkling  fiakes.  On  the  surface  of  these  mica-covered  cleav- 
age or  bedding  planes  frequently  occtir  black  lonrmaline  crys- 
tals which  occasionally  show  evidence  of  movement  along  tliese 
planet*.  Individnal  specimens  of  the  qnartzite  when  massive 
may  appear  like  the  qnartzoee  layers  of  the  banded  gneies,  but 
astially  the  rock  is  easily  distinguished  in  the  field.  It  geo- 
urally  is  found  dipping  at  a  rather  steep  angle  and  because  of  its 
resistance  to  weatliering  is  often  a  topographic  feature  of  the 
region.  Tliis  is  a  relatively  thin  formation  which  vaiies  much 
in  thickness  from  one  to  several  hundred  feet.  Where  this 
quartztte  has  been  studied  in  anticlines  and  synclines,  both 
normal  and  overtnrned,  it  appears  to  bo  younger  than  the 
banded  eneiss  and  older  tlian  the  neighboring  marble. 

Jlte  Marble.— The  marble  is  a  coarse-grained  to  inodiuni- 
grained  impure  dolomite  in  which  the  impurities  have  been 
entirely  recryatallized  into  silicates  such  as  diopside,  tremolite, 
phlogopite,  etc.  It  is  almost  always  a  dolomite  in  chemical 
composition  but  may  vary  occasionally  to  a  pure  caleite  rock. 
The  bedding  in  these  rocks  is  not  easily  recognized,  but  it  ia 
probable  that  the  lines  of  impurity  now  represented  by  silicates 
indicate  original  differences  in  the  sedimentary  deposits.  The 
amount  of  such  impurities  causes  the  rock  to  vary  widely  from 
a  pure  carbonate  to  one  so  rich  in  silicates  that  it  may  easily 
be  mistaken  for  a  gneiss  until  tested  for  hardness  or  with  acid. 
These  beds  in  the  marble  show  considerable  variation  in  tbe 
steepness  of  their  dip,  ranging  from  10°  up  to  70°  and  occasion- 
ally they  are  found  in  overturned  anticlines  and  synclines. 
The  thickness  of  the  formation  is  very  variable  and  practically 
indeterminate  on  account  of  the  iwucity  of  exposures.  Its 
presence  is  usually  indicated  by  valleys  along  the  sides  of  the 
qnartzite  ridges  and  its  thickness  apparently  varies  from  notb- 
ingup  to  more  than  2000  feet,  No  fossils  have  been  found  in  the 
highly  crystalline  marbles  and  it  is  improbable  that  if  originallj 
present  they  could  have  withstood  the  changes  which  this 
rock  has  undergone.*  The  formation,  however,  has  been  traced 
•  A  few  deformed  chert  nodulBS  have  been  foniid  and  they  msy  yield  mioro- 
BCopic  forma  on  closer  e. ---■'-- 
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at  several  points  into  less  metamorphosed  rocks  of  similar 
composition  where  rocks  of  Upper  Cambrian  and  Lower  Silu- 
rian age  have  been  found.  Thus,  it  has  been  correlated  with 
the  Stockbridge  limestone  of  western  New  England,  the  Chester 
Valley  limestone  of  Pennsylvania,  and  tentiatively  with  the 
Shenandoah  limestones  of  Maryland  and  Virginia  though  no 
stratigraphic  continuity  has  been  established  with  the  latter. 

The  Mica^Schists. — The  mica-schist  is  composed  of  a  series  • 
of  highly  micaceous,  very  schistose,  and  often  crinkled  aggre- 
gates of  quartz,  more  or  less  decomposed  biotite  and  garnet, 
with  accessory  orthoclase,  cyanite,  staurolite,  iibrolite,  etc. 
With  the  increase  in  feldspar  the  rock  becomes  a  gneiss  but  is 
not  as  distinctly  banded  as  the  banded  gneiss  already  referred 
to.  The  formation  is  chiefly  characterized  by  the  high  content 
of  mica,  garnets,  and  occasional  metamorphic  minerals,  and 
the  small  amounts  of  feldspar.  The  soils  developed  from  the 
decomposition  of  the  mica-schists  are  usually  marked  by  an 
abundance  of  mica  and  rounded  garnets.  Beds  of  this  type 
are  only  indistinctly  marked  and  are  separated  with  difliculty 
from  the  cleavage  lines  which  may  nearly  parallel  them.  The 
entire  formation  has  been  n)ucli  folded  and  it  is  not  possible  to 
make  accurate  determinations  of  the  thickness.  At  first  sight 
it  would  appear  to  be  miles  in  thickness  but  in  reality  is  prob- 
ably not  far  from  2000  feet.  The  age  of  the  rocks  included 
under  this  term  is  not  determinable  by  fossils  carried  by  them, 
but,  as  in  the  case  of  the  marbles,  these  schists  have  been  corre- 
lated with  less  metamorphosed  representatives  which  carry  a 
fauna  of  Hudson  Kiver  age. 

The  variation  in  the  character  of  the  marble  through  increased 
impurities  causes  the  contact  between  the  overlying  mica-schist 
and  the  limestone  to  be  one  of  gradation  at  times,  and  occasion- 
ally there  seems  to  be  a  layer  of  more  argillaceous  mica-schists 
Ij'ing  between  the  underlying  quartzite  and  the  well-defined 
marble. 

Igneous  Hocks, — Throughout  the  Piedmont  area  under  dis- 
cussion have  been  recognized  immerous  igneous  rocks,  now 
more  or  less  metamorphosed,  which  are  apparently  intruded 
into  all  of  the  rocks  as  old  as  the  mica-schists.  Among  the 
types  found  are  granites  and  granite-gneisses,  diorites  and  meta- 
diorites,  gabbros  and  meta-gabbros,  peridotites,  pyroxenites  and 
serpentines,  meta-rhyolites,  and  meta-basalts.  The  contacts 
between  these  various  masses  are  seldom  exposed  and  the  rela- 
tive age  of  the  various  intrusions  cannot  be  determined  with 
entire  satisfaction.  So  far  as  is  known,  the  facts  accord  with 
the  commonly  accepted  view  that  they  represent  in  a  large 
way  a  single  period  of  igneous  activity  which  no  doubt  extended 
over  a  considerable  period  of  time.     Just  wlien  these  sheets 
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and  larger  intruaWe  bodies  were  tliruBt  into  their  present  posi" 
tion  is  not  known,  but  the  views  most  jtonerally  lieid  at  the 
present  time  indicate  tliat  tlic  intrusion  took  place  in  poet- 
feilurian  time  prior  to  the  earth  movements  which  produced  the 
Apjmlacbian  Mountains.  Earlier  investigators  and  some  at  the 
present  time  eK])reEfi  the  opinion  tliat  this  ignooua  activity  was 
contemporaneous  with  the  formation  of  the  earliest  rocks. 

Metavwrphism. — Tlie  older  rocks  of  the  Piedmont,  aa  recog- 
nized hy  all  investigators,  have  suffered  more  or  less  recrys- 
talHzation  and  textural  modification  since  their  formation.  This 
inetamorphi^m  has  not  been  uniformly  distributed  over  the 
entire  region  but,  aa  emphasized  by  Williams,  is  much  aceentn- 
ated  in  tlie  eastern  portion  of  the  Maryland  area,  where  the 
rocks  are  thoi-oughly  recryatallized  and  often  lack  in  great  meas- 
ure their  original  texture.  The  original  muds  and  sands  of  the 
aedimentarieH  have  been  changed  to  micaceous  schist*,  gneisses, 
and  nuartzites  and  the  variona  igneous  rocks  have  been  greatly 
modified  in  texture  and  occasionally  in  mineralogical  composi- 
tion. The  textnral  change  which  is  most  evident  is  a  marked 
development  of  schistosity  which  is  to  be  noticed  in  all  of  the 
rock  types  already  described.  The  change  from  massive  to 
schistose  rocks  has  not  been  uniform  over  the  entire  district  or 
even  over  the  more  metamorphosed  eastern  section,  bnt  seems  Ui 
be  locally  accentuated  along  lines  which  probably  indicate  zones 
of  greater  dynamic  action. 

The  Bcliistosity  developed  in  the  rocks  of  the  Piedmont  pur- 
takes  of  the  general  northeast-southwest  trend  of  the  province 
and  varies  in  dip  sometimes  to  the  eastward  and  sometimes  to 
the  westward.  It  is  present  in  botli  the  sedimentary  and  igneous 
rocks.  In  the  latter,  it  is  sometimes  so  strongly  developed 
that  the  resulting  rocks  in  small  areas  present  the  appearance 
of  metamorphosed  sediments,  although  one  may  find  all  grada- 
tions between  the  unaltered  massive  types  and  the  equivalent 
fissile  schists.  In  the  sedimentary  rocks  the  schistosity  is  devel- 
oped to  a  degree  whicli  greatly  obscures  the  original  bedding 
and  oftenthncs  renders  the  determination  of  lidding  planes 
impossible. 

The  development  of  schistosity  is  accompanied  by  a  recrys- 
tallization  of  the  affected  rocks,  which  may  simply  result  in  a 
new  development  of  the  mineral  species  found  in  the  original 
rock  or  in  a  molecular  rearrangement  producing  many  new 
minerals.  Thus  the  gneisses  are  com|)osed  of  reorystallized 
quartz,  feldspar,  and  mica  material,  while  the  feldspars  of 
some  of  the  granites,  the  meta-rhyolites,  gabbros,  and  diorites 
have  been  changed  to  ejiidote  and  the  pyroxenes  to  fibrous  or 
compact  hornblende.  The  new  minerals  usually  He  with  their 
longer  axes  parallel  to  the  planes  of  schistosity.     In  the  case 
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of  the  phyllites  and  mica-scliists  the  original  material  has  been 
changed  to  muscovite,  chlorite,  and  quartz  with  accessory  min- 
erals such  as  garnet,  staurolite,  cyanite,  etc. 

Structure  of  the  Maryland  Piedmont, 

The  four  types  of  metamorphosed  rocks  with  tlieir  accom- 
panying igneous  types  unite  in  the  Piedmont  area  of  Maryland 
to  form  a  complex  geological  mass  in  wliich  the  structure  of 
the  region  is  very  greatly  obscured  by  the  metamorphism, 
secondary  schistosity,  and  recrystallization.  The  problem  ia 
still  further  complicated  by  the  presence  of  several  series  of 
minor  folds  which  obscure  tlie  larger  structural  features  of  the 
region.  The  centering  of  attention  on  tiiese  minor  structural 
features  rather  than  on  the  broader  elements  of  structure  have 
led  previous  students  of  the  area  to  divergent  interpretation, 
or  despair  at  ever  reaching  a  true  solution. 

Previous  Intevpretatioyis, — The  Piedmont  Plateau  of  Mary- 
land has  been  studied  by  many  investigators  and  the  interpre- 
tations wliich  they  have  given  to  the  area  may  be  classitied,  as 
suggested  by  Williams,  into  three  categories,  involving  differ- 
ences in  age  in  the  sedimentaries  of  the  eastern  and  western 
portions  of  the  area  or  differences  in  the  structural  elements 
which  have  brought  the  rocks  to  their  present  position.  The 
three  hypotheses  as  outlined  by  Professor  Williams*  are: 

"1.  That  the  rocks  of  both  the  eastern  and  western  areas  are 
of  the  same  age,  and  that  they  have  been  bent  into  a  broad 
syncline  whose  nanks  are  so  sharply  folded,  faulted  and  thrust 
as  to  simulate  the  fan-strncture  observed  in  high  mountain 
chains;  and  that  the  eastern  flank  of  this  synclinal  or  fan  was 
much  more  highly  metamorphosed  than  the  western  both  by 
more  intense  dynamic  action  and  by  intrusion  of  a  great  amount 
of  eruptive  material. 

2.  That  the  more  highly  crystalline  eastern  area  is  greatly 
older  than  the  western  schists,  and  served  as  a  rigid  buttress 
against  which  these  were  thrust  and  folded. 

3.  That  the  eastern  area  is  composed  of  rocks  far  more 
ancient  than  the  western,  which  extend  out  under  these,  form- 
ing the  floor  upon  which  they  were  deposited  ;  and  that  although 
already  much  folded  and  metamorphosed,  this  crystalline  floor 
underwent  at  least  one  more  folding  after  the  schists  had  been 
laid  down,  carrying  these  with  it  and  involving  them  in  a  con- 
siderable but  not  an  extreme  amount  of  disturbance  and  meta- 
morphism." 

Tlie  first  of  these  hypotheses  was  that  held  by  Tyson,  who 
was  State  Agricultural  Chemist  from  1853  to  1862,  and  who 
published  the  first  complete  geological  map  of  Maryland  in 

.  *  Bull.  Geol.  Soc.  Amer. ,  vol.  ii,  p.  815. 
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1859.  According  to  this  view  the  structure  is  h  more  or  leas 
deformed  Byiidinorinin.  Tliis  Iijpotheeie,  together  with  the 
Becotid,  is  I'o^rded  aa  untenable  by  Williams  on  the  gruunda 
eunnierated  in  Iiis  paper  on  the  snbject,  where  he  proposed  the 
third  hypothesis  as  the  most  reasonable  explanation  of  the  facts 
and  the  one  to  be  accepted  as  most  probable  nnleee  subsequent 
explorations  i^hoiild  render  its  modificstion  necessary. 

At  the  time  Williams  proposed  this  hypothesis  iio  part  of 
the  Maryland  Piedmont  had  been  mapped  by  the  [L  S.  Geo- 
logical Survey,  and  the  maps  at  his  disposal  consisted  of  inac- 
curate road  maps  of  the  various  counties.  At  this  time  also 
the  detailed  mapping  of  the  Piedmont,  which  was  later  prose- 
cuted by  him  witii  snccess,  had  not  been  pursued  beyond  the 
immediate  vicinity  of  Baltimore,  where  the  structure  is  some- 
what exceptional.  The  conclusions  drawn  were  based  npoii 
several  driving  trips  across  the  Piedmont  Plateau  in  different 
directions,  ana  the  generalizations  readied,  while  brilliant  for 
the  amount  of  information  in  his  possession,  are  such  as  to 
demand  inoditications  as  the  detailed  mapping  of  the  Piedmont 
on  the  scale  of  a  mile  to  the  inch  by  the  Maryland  (ie<>logical 
Surrey  progresses. 

RggMts  of  Later  ItW^. —  Shortly  after  tlie  publication  by 
WilliapiB  of  the  paper  refen-ed  to,  the  writer  commenced  a 
mapping  of  local  areas  under  the  former's  direction  and  ha«  oon- 
tinned  t]eld  investigations  as  oppurtuuity  presented  during  the 
twelve  yean*,  until  fully  1200  square  miles  of  the  Piedmont 
have  been  mapped  on  the  scale  of  1 :  62,500  and  the  entire  Pied- 
mont has  been  visited  in  economic  work  demanding  greater  or 
less  local  detail.  The  work  of  deciphering  the  structure  of 
the  Piedmont  of  Maryland  is  by  no  means  ended,  but  it  is  pro- 
posed to  give  in  the  following  pages  what  are  believed  to  be 
the  general  lines  of  structural  uplift  and  depression  across  the 
area.  Many  local  questions  still  remain  unsolved  and  much 
detailed  mapping  is  still  necessary  in  the  western  portion  of 
the  Plateau,  but  the  views  here  expressed  have  been  found  to 
present  the  most  reasonable  interpretation  of  the  area  studied. 
Moreover,  while  they  have  been  developed  independently  they 
are  found  on  comparison  to  be  more  or  less  in  accord  with  the 
structural  interpretations  resulting  from  the  most  recent  work 
in  corresponding  areas  to  the  north  and  south. 

TJie  methods  employed  in  the  investigation  of  the  Piedmont 
geology  embrace  a  considei-ation  of  all  of  the  data  available 
under  the  conditions  encountered.  The  region  considered  lies 
south  of  the  zone  covered  by  the  continental  ice,  and  as  a  con- 
sequence few  exposures  of  fresh  rock  are  encountered  except 
in  the  recent  stream  cuttings  or  in  artiticial  o|}enings.  At  the 
same  time,  bowlders  and  disintegration  products  found  on  the 


Mathews — Structure  of  the  Piedmont  Plateau.       149 

surface  are  usually  indicative  of  the  character  of  the  under- 
lying rock.  Throughout  most  of  the  area,  especially  in  the 
little-dissected  remnants  of  the  old  peneplane,  the  disintegration 
has  extended  from  one  to  twenty  or  thirty  feet,  according  to  the 
character  of  the  rock,  and  one  may  find  entirely  disintegrated 
masses  of  clay  or  sand  retaining  the  original  textures  of  the 
parent  rock.  Even  much  of  the  material  which  at  first  is  so  hard 
as  to  require  blasting,  breaks  down  when  exposed  for  some 
time  to  the  influence  of  the  atmosphere.  Disintegration  of 
this  type  leaves  few  exposures  and  renders  microscopic  studies 
of  many  apparently  fresh  specimens  unsatisfactory,  but  in  turn 
facilitates  tne  areal  mapping  since  the  soils  and  minor  features 
of  the  disintegrated  products  are  often  characteristic  of  the 
underlying  rock.  The  plant  cover  is  also  occasionally  distinc- 
tive since  certain  forms  of  plant  life  are  found  limited  to  the 
areas  underlain  by  certain  rock  types  or  there  possess  certain 
peculiarities  of  development. 

The  lack  of  fresh  exposures  and  the  detailed  complexity  pro- 
duced by  the  schistosity  and  minor  plications  make  it  exceed- 
ingly difficult  to  determine  the  true  bedding  plane,  and  this  is 
not  possible  in  many  instances.  It  becomes  necessary  there- 
fore, to  lay  relatively  less  stress  on  the  structural  features  found 
in  single  small  exposures  and  to  assign  greater  importance  to 
the  areal  distribution  and  the  general  structural  features  deter- 
mined by  it. 

Fossils  have  been  found  in  only  one  or  two  areas,  where  they 
are  much  distorted  or  damaged  and  there  is  little  hope  that 
other  deposits  of  better  preserved  forms  will  be  found ;  for 
only  the  most  hardy  forms  could  withstand  the  metamorphic 
changes  which  the  rocks  have  undergone. 

The  types  of  structure  encountered  in  the  region  are  joints, 
normal  faults  (usually  of  small  throw),  folds  and  probable 
unconformities.  The  jointing  is  usually  in  three  fairly  well- 
defined  series  of  joints  which  cause  the  rock  to  break  into  irreg- 
ular rhomboids.  When  well  exposed  in  the  banded-gneisses 
of  the  Baltimore  and  other  areas,  they  show  little  or  no  move- 
ments along  their  planes  although  now  and  then  a  displacement 
of  a  few  inches  may  be  found  along  fault  planes  which  are 
more  or  less  parallel  to  the  planes  of  jointing.  The  faulting^ 
if  present,  is  usually  obscured  by  the  homogeneous  character 
of  the  rocks  and  the  lack  of  well-defined  bedding  in  many  of 
the  sedimentary  masses  where  the  faulting  is  exposed.  It  is 
accordingly  impossible  to  trace  the  faults  beyond  the  exposures 
in  which  they  are  found.  So  far  as  examined  the  throw  of  these 
faults  is  slight,  ranging  from  a  few  inches  up  to  a  foot  or  two, 
and  the  general  faulting  structure  partakes  of  that  character- 
istic for  the  jura-triassic  beds  which  overlie  the  Piedmont  on 
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its  western  border.  Large  overthrust  faults  may  perhaps  occnr 
in  the  region,  obecnred  bv  tlio  similarity  of  depogits  and  tli«i 
vegetatiOD,  but  no  evidence  up  to  the  present  time  has  been 
found  warranting  tlte  assumption  of  such  overthrust  faults 
unless,  perhaps,  in  the  region  a  few  miles  west  of  the  Northern 
Central  Railway,  at  a  point  twenty-five  miles  north  of  Ijaltimorc. 
If  floch  a  fault  occurs  here,  the  plane  of  the  overthrust  must  be 
very  tiat  and  the  exteut  of  the  thrust  small,  since  the  arcial  dis- 
tribution of  the  phyllites  to  the  north  and  the  gneisses  to  the 
south  show  no  appreciable  break  in  their  boundaries.  It  seeinit 
more  probable  to  the  author  that  the  recurrence  of  the  marble 
in  a  series  of  parallel  bands  is  due  to  folding  or  minor  faulting 
than  Xn  an  overthrust. 

The  folding  in  the  rocks  of  the  area  is  of  three  types  :  min- 
ute orinkling,  small  unsyni metrical  wavy  folds,  and  broad  Api>a- 


lachian  ones  in  which  the  adjusftnent  appears  to  have  taken 
place  along  the  bedding.  The  accompanying  figure  indicates 
the  differences  as  sketched  from  exposures  in  the  field.  The 
intricacy  of  the  minor  folds  has  been  the  feature  usually  noticed 
by  earlier  investigators,  who  have  many  times  overlooked  the 
gentler  open  folding  of  the  larger  folds.  In  the  succeeding 
discussion  the  emphasis  will  be  laid  upon  these  larger  folds 
and  less  attention  will  be  drawn  to  the  minor  ones,  since  the 
broader  rather  than  the  detaiie<i  local  structure  of  the  Mary- 
land Piedmont  is  the  problem  under  discussion. 

The  dip  observations  made  on  small  exposures  often  relate 
to  the  minor  folding  and  are  usually  quite  steep,  ranging  from 
40°  to  80°  with  an  average  of  55°  in  tiie  cNposnres.  Those 
dips  arc  usually  considerably  at  variance  within  short  dis- 
tances, although  tiiere  seem.s  to  !)e  a  tendency  for  the  expo- 
sures to  be  formed  on  those  portions  of  the  minor  folds  where 
their  dip  is  in  the  same  direction  as  that  of  the  major  fold, 
the  return  dips  being  usually  concealed.  The  earlier  structural 
interpretations  have  been  btised  for  the  most  part,  in  Maryland 
at  least,  on  the  dips  of  these  secondary  foldn,  and  it  has  accord- 
ingly been  customary  to  i-cgard  the  region  as  one  of  steep  mono- 
clinal  or  closely  compressed  overturned  folding.     The  dips  of 
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the  major  folds,  as  determined  by  tracing  individual  beds 
with  their  sinuosities  across  the  larger  exposures,  are  much 
flatter  than  those  of  the  minor  folds,  usually  ranging  in  value 
from  5°  to  40°  with  an  average  of  between  25°  and  30°.  In 
many  instances  it  is  not  possible  to  determine  this  major  dip, 
but  the  areal  distribution  of  the  rocks  is  generally  found  to  be 
in  harmony  with  such  observations  as  can  be  made. 

Overturned  folds  are  occasionally  encountered,  the  best 
example  so  far  studied  occurring  just  west  of  the  Baltimore- 
Harford  county  boundarv  line,  about  five  to  ten  miles  south  of 
the  phyllite  boundary,  ^he  structure  here  is  well  marked  by 
the  occurrence  of  a  quartzite,  an  intermittent  marble,  and  the 
mica-gneisses  surrounding  a  core  of  banded  mica-  and  horn- 
blende-gneisses. Contrary  to  the  usual  interpretation,  this  large 
fold  is  overturned  to  the  southeast,  causing  all  the  dips  to  slope 
to  the  west. 

Unco7iforinities  apparently  occur  in  the  crystalline  rocks 
of  the  f^iedmont,  especially  at  the  base  of  the  quartzite  and 
the  top  of  the  marble,  but  it  is  very  difficult  to  determine 
whether  or  not  the  latter  is  due  to  a  change  in  the  character 
of  the  original  limestone  which,  when  higlily  argillaceous,  is 
metamorphosed  into  a  calcareous  gneiss  or  uiica-schist  which 
is  practically  indistinguishable  by  field  observation  from  the 
adjoining  rocks.  The  points  where  this  unconformity  has  been 
supposeu  lie  near  the  limits  of  the  area  in  which  marble  occurs, 
and  it  seems  highly  probable  that  the  conditions  of  the  forma- 
tion of  a  limestone  became  less  favorable  around  the  limits  of 
the  area,  and  that  through  gradation  the  limestones  pass  oj9f 
into  rocks  which,  when  metamorphosed,  are  indistinguishable 
from  the  overlying  mica-schists. 

Geological  Sequence. — The  field  work  conducted  by  the 
author  and  his  associates  on  the  Maryland  Geological  Survey 
indicates  that  in  the  Maryland  Piedmont  we  have  the  follow- 
ing series  of  metamorphosed  rocks  which  were  apparently  of 
sedimentary  origin. 

Peach  Bottom  slates    )  c?*i     •      /  a 

r\^  A-a  i.  -i.  -  oilurian  (:) 

Cardiff  quartzite  j  ^  ^ 

Wissahickon  phyllite,  mica-schist    )    /^   i 

A      '  '  r   Ordovician 

and  mica-gneiss  j 

Cockeysville  marble  Cambro-Ordovician 

Chickies  quartzite  or  |  t  r^      x.  * 

Settere  quartz  schist   \  Lower  Cambrian 

Baltimore  gneiss  Pre-Cambrian 

The  determination  of  the  age  of  these  formations  by  fossils 
8  impossible  at  the  present  time  in  Maryland,  and  the  age 
issigned  the  various  beds  is  therefore  regarded  as  somewhat 
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un  proven,  but,  a«  already  outlined  in  tlie  first  ]>art  of  this  paper. 
the  sequence  lierc  is  coinptiruble  to  timt  of  the  Biniilftrly  eititat&d 
arecu  farther  nortii  where  they  have  been  correlated  with  less 
nietaniorphoeed  beds  bearing  foeeils.  The  lithological  features 
and  structural  characteriati<^  are  tiie  eamo  in  the  different 
repioue  and  it  is  probable  that  this  correlation  is  the  tme  one 
and  that  it  inust,  Derhaps  forever,  remain  iiuproven  for  certain 

fortione  of  the  Maryland  region  where  the  oeds  are  separated 
rom  other  Bcdiraentariea  by  igneous  rocks.  As  the  work  now 
in  progress  under  the  joint  auspices  of  the  Maryland  and  U.  S. 
Geological  Survey  goes  forward,  it  may  be  possible  to  correlate 
on  strnctural  grounds  the  limeet^anes  with  fossil-bearing  beds 
near  Frederick,  and  it  is  jxissible  that  well-preserved  foeeile  mav 
be  found  in  the  less  metamorphosed  sedimeiitaries  of  the  Frea- 
eiick  valley  to  the  west  of  Parr's  Ridge,  as  Mr.  Keith  has 
already  detected  fra^rments  in  this  region. 

/g?)K<ms  Jiocfes.~*rhro\igh  these  sedimentary  rocks  liave  been 
intruded  large  masses  of  igneous  material  which  have  consoli- 
dated into  gi-anites,  gabhros,  and  other  igneous  types.  For- 
merly it  was  regarded  that  the  masses  were  intruded  in  pre- 
Cambrian  time  and  that  they  were  contemporaneous  with  the 
metamorphism  of  the  crystallines.  This  cannot  be  wholly  the 
case  if  the  foregoing  interpretation  of  the  age  of  the  sediments 
18  correct,  since  these  igneous  rocks  are  intruded  into  tlie  rocks 
here  considered  of  Silurian  age. 

The  areal  distribution  of  tlie  forniiitionM  eiiutiierated  above- 
is  given  in  the  accompanying  map  (Plate  X)  which  has  been 
compiled  from  the  published  maps  of  the  New  York  and  Penn- 
sylvania state  surveys;  from  the  New  York  and  Washington 
folios  of  the  U.  S.  Geological  Survey;  and  the  manuscript 
maps  of  Dr.  Bascom  and  the  writer.  The  scale  of  the  map 
has  required  more  or  less  distortion  in  the  representation  of 
the  quartzite  and  limestones  and  in  the  mapping  of  the  rocks 
of  the  less  metamorphosed  western  portion  of  the  platean. 
The  lines  must  therefore  be  regarded  as  only  provisional,  espe- 
cially in  the  areas  north  of  Washington  and  that  part  of  Penn- 
sylvania which  has  not  been  mapped  by  Dr.  Bascom. 

General  Structural  lAnea. 
The  broad  structure  lines  of  tlie  Maryland  Piedmont,  so  far 
as  they  have  been  worked  out  in  the  eastern  or  more  crys- 
talline portion,  are  indicated  in  the  accompanying  sketch  by 
lines  occnpyiuif  the  axes  of  the  synclines  and  anticlines.  It  is 
impossible  on  any  small  scale  map  to  represent  the  minor 
structural  lines,  whicli  of  course  more  or  less  modify  the  posi- 
tion of  the  axes  of  the  major  folds.     It  is  believed,  however. 
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that  tbe  lines  here  indicated  represent  the  structnral  cliaracter- 
ietics  np  to  the  scale  of  the  base  employed.  The  individual 
axes  distinguished  in  the  area  are  described  in  greater  detail  in 
the  following  discnssion. 
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Stnicliire  Lines  of  the  Piedmont.* 
East  Alexandria-  Winters  Hun  Syncline. — Poorly  exposed 
svDcline  extending  from  Cluircliville  to  east  of  Baltimore,  east 
of  Washington  to  Alexandria.  Covered  for  the  most  part 
with  Coastal  Plain  deposits  and  largel}'  hypothetical.  As 
shown  in  Harford  countv,  this  axis  is  plunging  southwest. 

Waehingtan,  TFplift-Towiton-Belair  Anticline — A  rather 
shallow  anticlinal  axis  which  may  in  reality  be  composed  of 
several  minor  ones,  ret^ognized  by  Keith  as  a  portion  of  his  West 
Washington  anticliuoriiim.  Occupied  for  the  most  part  by  gab- 
bro  sheets  on  citlier  Hank.  Probably  the  line  passing  from  the 
vicinity  of  Belair  eastward  through  the  central  Piedmont  dis- 
trict of  Cecil  county  and  possibly  corresponding  to  the  eastern 
anticlinal  axis  suggested  by  the  older  gneiss  of  the  Philadelphia 
*Whan  the  tenna  "anticlinat  axis"  and  "synclinal  aiie"  are  need  it  is  not 
intended  to  convey  the  idea  that  the  lines  are  of  siinple  BtnictamI  folds 
but  that  these  lineareprcB^Dt  the  dominant  axes  of  anticlinoria  and  syncliDoria. 
For  local  points  see  maps  of  National  and  State  Oeological  Sarveys. 
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urea.  ApparenUy  pliingiug  to  the  northeast,  but  this  is  not 
clear.  Tneee  two  axes  lie  within  the  lituitfi  of  what  are 
regard G<1  as  poBeihly  ArcUean  gneiBB  areas. 

Caivs-Forcst  /Jill  Sytieline. — A  well-defined  synclinoriDiii 
extending  southward  from  Searboro  to  the  area  between  Green 
Spring  and  Worthington  valleys  in  the  Baltimore  quadrangle. 
Plunging  to  the  sontliwest.  At  the  Caves  the  center  of  Uiis 
svticlinorinm  is  occupied  hy  a  email  anticline  which  brings  the 
limestone  to  the  surface.  Southwai-d  from  the  Cavee  the 
axis  apparently  extends  to  the  Clarksville-Highlandfown  region 
and  prol>ably  corresponds  U)  the  sag  between  the  two  lines  of 
uplift  in  Keith's  anticlinorinm.  The  synclinal  basin  eaat  of 
Buck's  Ridce,  Pennsylvania,  may  represent  a  continuatioo  of 
this  general  line. 

Cwdn  John-JarrettKvUle-Bucka  liidye  Anticline. — An 
overturned  anticline  beginning  west  of  Jarrettsville  on  the  Tay- 
lor Valley  road  and  extending  sonthweBtward  throngli  Manor 
and  Western  linn  on  the  Parkton  quadrangle;  is  probably  part 
of  the  general  anticlinal  axis  which  is  represented  to  the  south- 
west by  the  imperfectly  studied  axial  line  determined  in  great 
measure  by  the  strong  synclines  on  either  side.  It  is  approxi- 
mately in  the  same  position  as  the  strong  uplift  recognized  by 
Keith  near  Cabin  John  on  the  West  Washington  quadrangle. 
Eastward  from  Jan-ettsville  the  anticlinal  axis  is  less  mu-ked 
and  is  apparently  occupied  by  the  long  band  of  serpentine 
which  cnisses  the  Susquehanna  river  at  Bald  Friitr  and  extends 
eastward  into  Pennsylvania,  where  it  is  represented  by  the  Bucks 
Ridge  anticline. 

Glencoe  Syncline. — A  small  synclinal  axis  extending  from 
Glencoe  on  tlie  Northern  Central  Railroad  southwest  through 
Priceville  to  Mantua  on  the  Parkton  quadrangle  and  appar- 
ently separating  the  lines  of  the  anticlinal  axes  on  either  side, 
bringing  lo  the  surface  along  Western  Run  some  of  the  over- 
lying limestone.  The  structure  in  this  region  has  not  been 
thoroughly  worked  out  and  there  may  be  a  small  thrust  fault. 

Cardiff  ^yncline, — A  strongly- marked  synclinal  basin  with 
its  greatest  depth  in  the  neigh Jiorhood  of  Cardiff,  Maryland. 
This  conforms  to  the  center  of  the  phyllite  belt  as  far  as  that 
has  been  traced.  It  apparently  connects  with  the  synclinal  axis 
recognized  by  Keith  as  pas.'iiug  just  east  of  Great  Falls.  This 
syncline  carries  the  youngest  rocks  of  this  |X)rtion  of  the  Pied- 
mont Plateau  and  has  been  recognized  as  a  structural  feature 
for  many  years  by  the  Pennsylvania  and  Maryland  geologists. 
The  bedding  in  this  basin  is  no  more  distinct  than  in  the  basins 
and  folds  previously  described,  but  the  presence  of  the  small 
quartz  conglomerate  at  the  base  of  the  slates  as  well  as  the 
slates  themselves  have  made  the  recognition   of  its  presence 


Mathews — Structure  of  the  Piedmont  Plateau,       155 

mnch  easier.  It  seems  to  be  a  southern  extension  of  the 
Chester  Valley  folding, 

Tocquan  Anticline, — Tocqiian  anticline,  recognized  by  Pro- 
fessor Frazer  in  his  report  on  Lancaster  county  (CCC,  p.  128) 
as  a  broad  flat  anticlinal  arch  somewhat  tilted  to  the  southeast, 
crosses  the  Susquehanna  river  at  McCall's  Ferry.  This  struc- 
tural line  has  been  traced  by  the  Pennsylvania  geologists  from 
northern  Chester  county  through  Lancaster  and  York  counties 
to  the  Maryland  line.  Throughout  this  area  the  axis  is  com- 
plicated by  the  presence  of  minor  folds.  It  seems  to  rise  to  the 
north  and  south.  In  Maryland  the  work  along  this  axis  has 
not  been  carried  very  far,  but  the  areal  distribution  of  the  rocks 
seems  to  indicate  that  it  corresponds  roughly  with  the  center 
of  the  mica-schist  zone  passing  east  of  Westminster,  crossing 
the  Potomac  to  the  southwest  of  Rockville.  The  occurrence 
of  interfolded  phyllites  along  the  western  boundary  of  the 
more  crystalline  part  of  tlie  plateau,  as  worked  out  by  Keith, 
and  of  phyllites  farther  south  to  the  west  of  Gaithersberg,  sug- 
gests that  this  axis  is  here  even  less  strongly  marked  and  that 
it  is  broken  into  several  shallow  folds. 

The  region  between  this  anticlinal  axis  and  the  overlapping 
Jura-trias  bed  on  the  west  appears  to  be  a  shallow  much-told ed 
synclinorium  with  an  anticlinal  axis  passing  near  Union  Bridge, 
Maryland,  but  this  region  has  not  been  worked  with  sulKcient 
detail  to  warrant  more  definite  statements. 

On  the  eastern  side  of  the  Catoctin  mountain  the  Shenandoah 
limestone  rises  with  an  e^isterly  dip  from  beneath  the  phyllites 
and  is  in  turn  underlain  by  the  Antietam  quartzite  and  other 
rocks  of  Cambrian  age. 

Character  and  Distribution  of  the  Igneous  Rocks, 

The  most  prominent  feature  of  the  igneous  rocks  is  the 
occurrence  of  large  masses  of  gabbro  in  more  or  less  parallel 
bands,  separated  for  the  most  part  by  masses  of  granite  and 
smaller  areas  of  ancient  gneisses.  The  areal  distribution  of 
these  gabbro  masses,  which  in  the  region  about  West  Chester, 
Pennsylvania,  have  been  found  by  Dr.  Bascom  to  extend  across 
from  one  belt  to  the  other,  is  believed  by  the  author  to  indicate 
that  the  various  occurrences  represent  what  was  once  an 
immense  gabbro  sheet  extending  from  Laurel,  Maryland,  to  the 
Schuylkill  river,  a  distance  of  fully  85  miles  with  an  exposed 
breadth  of  at  least  15  miles. 

Through  this  great  sheet  of  gabbro  were  apparently  intruded 
the  granites  and  later  meta-rhyolites  and  pegmatites,  the  whole 
constituting  one  great  series  of  igneous  activity.  When  these 
intrusions  began  or  w^hen  they  ceased  is  not  clearly  deter- 
minable since  contacts  between  the  various  rocks  are  almost 
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entirely  lacking,  and  any  contact  metamorphism   which   they 

may  bave  imposed  upon  the  rocks  existing  at  the  time  of  their 
intniBioTi  is  now  obscured  by  the  enbeequent  inetaraorphi^in 
which  they  and  the  associated  country  rock  have  undergone. 
From  the  fact  that  parts  of  tliis  igneous  complex  are  intrnded 
into  the  rocks  regarded  as  Silurian  in  age,  this  activity  could 
not  have  ceased  prior  to  the  later  portion  of  the  Silnrtan  and 
may  have  been  much  later.  That  the  intrusions  are  not 
younger  than  Paleozoic  time  seems  to  be  an  inference  well 
supported  by  the  fact  that  tbey  along  with  the  eediments  par- 
take of  the  broad  folding  ciiaracteristie  of  the  Appalachian 
region  to  the  westward,  which  was  probably  developwl  contem- 
poraneously in  the  rocks  of  the  eastern  and  western  portions 
of  the  state.  Moreover,  the  sedimentaries  of  Jura-trias  time 
show  little  folding  of  this  type,  their  deformation  being  doe 
almost  entirely  to  very  gentle  folds  and  small  faults  of  slight 
throw. 

Relation  of  the  Eastern  and  Western  Districts  of  the  Piedmont 
The  division  of  the  Piedmont  Plateau  into  an  eastern  divi- 
sion   composed  of    much  metamorphosed,  highly  crj'stalline 
rocks,  and  a  western  divisiou  characterixed  by  less  Inetanior 

E hosed,  so-called  seini-^rystalline,  rocks  has  long  been  recognized 
ut  was  first  sharply  emphasized  by  the  late  Professor  WiUiame 
in  1891.  He  regarded  the  eastern  area  as  composed  of  rocks 
far  more  ancient  than  tlioso  in  the-  western  district  iind  tliui 
they  extended  westward,  forming  a  floor  upon  which  the 
younger  phyllites  were  deposited.  He  also  believed  that  the 
eastern  portion  had  already  been  much  folded  and  metamor- 
phosed before  the  phyllites  had  been  laid  down.  As  conclu- 
sive against  the  identity  of  age  of  tlie  senii<-rysta11ine  and  holo- 
crystalline  rocks  he  summarized  the  following  points.* 

a.  The  Bttnctare  ia  not  reall7  B  syucUnnl,  but  a  fan-like  divergence  of  dip 
from  a  oantrul  vertical  axis,  such  as  contd  not  be  prodnced  by  any  ByncllDU 
bending  in  a  coutinnoaa  series  of  similar  beds. 

b.  Anj  canse  alteriDg  any  part  of  an  original  series  more  than  anotber 
woald  Dot  make  an  abrvpl  contact,  snch  as  we  find  between  the  se mi-cry atalline 
and  highly  cryatalliDe  rocks  of  Marylaud,  bnt  a  gradual  transition. 

e.  Any  eaose  altering  one  flank  of  a  synclinal  more  than  the  other 
would  make  the  contact  between  tha  two  kinds  of  rock  and  the  axis  of  the 
eynclinat  coincide,  rs  is  not  the  case  in  Maiylaud, 

d.  The  eruptive  rocks  ul  the  eastern  area  are  fonnd  in  many  places  in  rlose 

EroKimity  to  the  slates  or  schists,  without  having  effetted  their  alteration  ; 
ence  they  are  either  not  the  cause  of  metamorphism.  or  they  are  themselTee 
older  than  the  semi-crystalline  rocks;  and,  moreover,  the  sudden  disappear- 
ance of  the  ubundaut  eruptive  rocks  at  the  edge  of  the  weatern  area  is  itself 
a  atroiiK  reason  for  supjiusing  that  it  is  of  lat«r  age. 

e.  We  cannot  suppose  that  excessive  dynamic  action  was  the  cause  of  the 
meramorpbism,  bPCftiiHe  wbere  we  iihould  expect  the  folding  force  to  have 
acl«d  equally  we  tind  the  hardest  rocks  (eruptives)  mnch  more  altered,  foli- 
ated, and  diaturbed  tlian  the  soft  Hrj^illites. 

•Bull.  Geol.  Soc.  Amer.,  vol.  ii,  1891.  p.  318. 
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The  generalization  reached  by  Williams  in  this  paper  is  one 
of  far-reaching  importance  and  marked  liis  ability  to  gain 
clean-cut  conceptions  of  intricate  problems  from  the  most 
meager  investigations.  The  writer  has  had  occasion  to  re-ex- 
amine most  of  the  areas  studied  by  Williams  and  has  been 
impressed  with  the  grasp  of  the  subject  and  accuracy  of  the 
conclusions  drawn  when  judged  by  the  amount  of  information 
at  his  disposal.  It  should  be  borne  in  mind,  howefver,  that  at 
the  time  this  paper  was  written  and  even  up  to  tlie  date  of 
Dr.  Williams'  death,  only  a  small  portion  of  the  Piedmont 
in  Maryland  had  been  mapped  by  the  topograpliers  of  the  IT.  S. 
Geological  Survey  and  not  all  of  this  had  been  studied  in 
detail  geologically.  The  generalizations  drawn  were  based 
upon  rapid  reconnaissance  driving-trips  across  the  Plateau 
rather  than  upon  detailed  examinations  carried  on  throughout 
the  region. 

Bearing  these  facts  in  mind,  it  is  no  serious  criticism  to 
Williams  when  the  writer  asserts  that  the  detailed  work  of  the 
last  ten  years,  conducted  with  greater  opportunities  and  with 
the  aid  of  topograpiiic  maps,  shows  that  the  facts  on  which 
Williams  based  his  conclusions  are  not  proven.  Taking  up 
the  five  points  regarded  by  him  as  conclusively  proving  that 
a  time  break  exists  between  the  eastern  and  western  rocks, 
the  writer  would  call  attention  to  the  fact  that  the  "fan-like? 
divergence  of  dip  from  a  central  vertical  axis"  does  not  seem 
to  be  a  correct  interpretation  of  the  structural  lines  found 
within  the  region,  which,  on  the  contrary,  indicate  that  there  has 
been  a  series  of  folds  rather  than  a  single  syncHne  or  fan-like 
structure.  The  apparent  occurrence  of  such  a  structure  is  due 
partly,  no  doubt,  to  the  confusion  of  true  bedding  planes  with 
those  due  to  schistosity.  The  abrupt  contact,  such  as  Williams 
seemed  to  find  between  the  semi-crystalline  and  highly  crys- 
talline rocks  of  the  Piedmont,  apparently  does  not  exist  with 
the  sharpness  formerly  supposed,  since  Keith's  work  in  Carroll 
and  Howard  counties  has  broken  the  sharp  line  drawn  by 
Williams  into  an  intricate  series  of  intertonguing  areas.  The 
contact  between  the  so-called  phyllitesand  the  gneiss  as  drawn 
by  Williams  is,  in  most  cases,  a  contact  between  tlie  phyllites 
and  the  mica-schists  and  gneisses  of  Hudson  age  rather  than 
with  the  banded  gneisses  believed  to  represent  })re-Cambrian. 
The  contact  here,  judging  from  the  experience  of  more  recent 
workers  in  the  region,  is  not  abrupt  but  is  usually  obscured  by 
the  similarity  of  material  or  the  likeness  of  soil  resulting  from 
the  mica-schists  and  banded  gneisses. 

The  fact  that  the  igneous  rocks  of  the  eastern  area  when  in 
close  proximity  to  the  slates  or  schists  show  little  metamor- 
phism,  may  be  explained  by  the  fact  that  within  the  Maryland 
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area  only  relatively  small  bodies  of  serpentine  and  granite  come 
ill  contact  witL  the  younger  gneisses  and  schisti),  and  where  encb 
is  the  case  tlie  intrneive  Dody  lias  lieen  so  &mal]  as  to  produce 
no  ajipreciable  nietainorpbiem.  Moreover,  if  any  eonlact 
metamorithism  oceurred,  it  wouUi  now  be  practically  unobserv- 
able  Bince  the  entire  region  hae  been  more  or  les^  metamor- 
]iJi(Mcd  and  contacts  are  almost  entirclT  lacking  in  fresh  rock. 
"The  sudden  disappearance  of  the  abnndant  eruptive  rocks  at 
the  edge  of  the  western  area,"  as  inferred  by  "Williams,  is  now 
recognized  to  be  a  conclusion  not  wholly  in  accord  with  the 
facte.  Keitli  in  his  work  in  Frederick  county  found  nnnierous 
bodies  of  aporhyotite  and  metaniorjihosed  acid  volcanics  and  this 
find  has  been  corroborated  and  extended  by  the  field  work  of  the 
writer.  In  this  region  of  so-called  semi-crystalline  rocks  the 
eruptives  found  by  Keith  and  others  have  been  so  metamor- 
phosed into  sericitic  schists  that  they  are  scarcely  dietiugnieh- 
able  from  the  nearby  phyllitcs  except  for  the  presence  of  small 
quarts  and  feldspar  plienocrysts. 

The  points  raised  hv  Williams  that  the  contact  between  the 
rocks  of  the  eastern  and  western  areas  does  not  coincide  with 
the  axis  of  the  syncline  and  that  the  eruptives  were  much 
metamorphosed  at  points  where  one  would  infer  from  the 
structure  but  little  inetamorphism,  involve  the  assumption  of  a 
rather  simple  synclinal  or  fan-like  structure  which  has  already 
been  shown  to  be  discordant  with  tlie  facts  as  developed  by 
later  and  detailed  investigations. 

From  the  foregoing  paragraphs  it  may  be  readily  seen  that 
the  writer  does  not  believe  that  the  points  raised  by  Williams 
validly  disposed  of  the  contemporaneous  age  of  the  rocks  in 
the  eastern  and  western  portions  of  the  Piedmont.  Moreover, 
the  detailed  work  of  Keith  on  the  west  and  the  reconnaissance 
work  by  the  Maryland  Geological  Survey  on  the  north,  point 
to  an  infolding  of  the  various  rocks  wJiich  ultimately  may  show 
their  similarity  in  age,  when  the  detailed  work  has  been  com- 
pleted. 

Coni:lu3ion». 
From  the  past  ten  years  of  work"  in  the  detailed  mapping  of 
the  Piedmont  rocks  of  northern  Maryland  the  author  has  been 
led  to  the  following  conclusions  as  best  in  accord  with  the  facts 
in  hand : 

1.  The  older  rocks  of  the  Piedmont  consist  of  both  sedimen- 
tary and  igneous  types  which  since  their  formation  have  been 
more  or  less  mctamorphoseil. 

2.  The  metamorphosed  sediments  include  banded  micaceous 
and  honiblende  gneisses  of  pre-('anibrian  age;  a  more  or  less 
intermittent  thin-bedded  genci-ally  tourmaline-bearing  quartz- 
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ite  of  Cambrian  age;  an  intermittent  dolomitic  marble  or  mag- 
nesian  limestone  of  Cambro-Ordovician  age;  and  a  series  of 
mica-shists  and  the  gneisses  of  Ordoviciau  age.  Above  these 
occur  a  somewhat  intermittent  poorly  developed  quartzitic  con- 
glomerate and  the  Peach  Bottom  slates. 

3.  The  igneous  rocks  consist  of  an  immense  gabbro  sheet, 
intruded  by  numerous  large  bodies  of  granite  and  meta-rhyolite, 
and  accompanied  by  numerous  more  basic  serpentinized  bodies. 
These  various  masses  represent  stages  in  a  single  extended 
period  of  igneous  activity. 

4.  The  time  when  this  activity  took  place  was  later  than 
early  Silurian  and  earlier  than  the  late  Carboniferous ;  probably 
in  the  early  part  of  this  interval. 

5.  The  chief  structural  features  of  the  region  are  the  meta 
raorphism  and  constant  schistosfty  and  the  broader  folding  of 
the  diflFerent  rocks. 

6.  The  metamorphism  of  the  rocks,  especially  of  the  banded 
gneisses,  probably  commenced  ])rior  to  the  intrusion  of  the 
gabbro  and  granite  and  was  accentuated  by  them  in  the  eastern 
portion  of  the  Plateau. 

7.  The  folding  of  the  region  is  of  the  Appalachian  type,  the 
rocks  occurring  in  several  long,  more  or  less  parallel  folds,  with 
few  faults  and  but  occasional  overturned  folds. 

8.  The  eastern  and  western  areas  are  probably  of  the  same 
age ;  differences  in  metamorphism  being  due  to  tlie  large  bodies 
of  deep-seated  intrnsives  on  the  east  and  the  smaller  bodies  of 
surface  volcanics  on  the  west. 

9.  The  sequence  found  in  Maryland  may  be  recognized  from 
Washington  to  Trenton  and  in  the  region  north  of  New  York. 

If  these  conclusions  are  eontirmed  by  later  investigation,  it 
v!\\\  be  necessary  to  modify  tlie  generally  accepted  hypothesis 
of  a  former  mountain  range  along  the  eastern  Atlantic  now 
represented  by  the  Piedmont  Plateau ;  or  the  location  of  this 
hypothetical  range,  which  is  supposed  to  have  supplied  the 
sediments  for  the  Ap|)alacliian  sea  during  Paleozoic  time,  must 
be  shifted,  at  least  for  the  earlier  Paleozoic,  farther  east  where 
its  roots  would  not  lie  buried  under  Coastal   Plain  deposits. 

Johns  Hopkins  University,  November,  1903. 
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Art.   ^W.— Direct  Micrometric  Jfeaaurement  of  Fog  Par- 
ticlet ;  by  0.  Barus. 

\.  Introduotory. — Before  using  the  data  compoted  for  the 
dimeneions  of  fog  particles  in  the  reductious  of  my  observa- 
tions of  atmospheric  nncleation,*  it  seemed  expedient  to 
endeavor  to  obtain  corroborative  values  by  some  straightfor- 
ward method.  Aitken's  dust  counter  had  naturally  eug^reeted 
itself  early  in  the  coui-se  of  my  work;  but  the  results  so 
obtained  are  essentially  indireet  as  the  fog  particles  are  not 
themselves  observed.  It  was  necessary,  therefore,  to  devise 
apparatus  by  which  the  identical  fo{j  particles  of  a  given  corona 
conld  be  directly  entrapped  lyid  held  for  examination.  This 
was  eventnally  accomplished  in  a  way  admitting  both  of  tlie 
measurement  of  thediameters  of  the  particles  and,  probably,  of 
coonting  the  number  precipitated  nnder  known  conditions. 
Moreover,  the  particles  caught,  however  fine  (even  less  than 
■0008™  in  diameter),  can  be  kept  in  place  for  observation,  so 
that  microscopic  pliotography  is  applicable  not  only  for  the 
pnrpose  of  obtaining  size  but  (possibly)  number. 

Many  investigations  are  thus  suggested,  as,  for  inHtance,  a 
repetition  of  Thomson's  method  for  determining  the  charge 
of^  an  ion ;  an  experimental  test  of  the  gubsideuce  equation 
for  small  spheniles,  etc.  Again,  while  the  corona  gives  merely 
the  average  size  of  the  cloud  particles,  the  microscope  is  partic- 
ularly available  for  indicating  variations  of  diameter  for  the 
particles  of  the  same  corona.  In  fact,  the  water  particles  when 
caught  are  not  of  a  size;  they  are  graded  and  hence  the  nuclei 
are  probably  also  graded  in  size. 

2.  Apparatus. — Aitken's  beautiful  and  highly  ingenious 
instrumentf  is  well  adapted  for  the  work  for  which  it  was 
designed ;  but  it  will  not  subserve  the  present  purposes. 
Aitken's  droplets  evaporate  too  rapidly  in  spite  of  tneir  arti- 
ficially increased  size.  The  need  of  mixing  atmospheric  air 
and  dust-free  air  with  shaking  and  stirring  is  an  interference 
with  the  nueleation.  In  fact,  water  nuclei  may  even  be  gen- 
erated in  this  way,  possibly  by  the  friction  of  air  passing  across 
damp  surfaces.  There  is  the  tendency  of  the  plate  after  long 
use  to  fog  permanently  or  to  collect  droplets  on  its  own 
account.  Finally,  it  would  be  very  diftieult  to  remove  the  eon- 
tents  of  the  coronal  clianiber  to  tlie  dnst  counter  without 
changing  the  nueleation  during  the  transfer. 

I  therefore  endeavored  to  ascertain  whether  the  particles 

•PhyB.  Rtriew,  Kvii,  p.  233,  1803;  of,  ibid.,  ivi,  168,  246,  1908. 
f  My  tbaaka  are  due  to  Mr.  A.  L.  Rotcb,  wbu  was  good  enoogh  to  lead  me 
hia  dust  coonter. 
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might  not  be  made  visible  directly.  The  chances  of  success 
seemed  small  indeed,  in  particular  as  Assmann*  had  failed  to 
see  the  particles  with  the  maffniiications  of  even  400  diameters. 
But  after  long  trial,  the  resiilt  was  eventually  accomplished  in 
a  way  that  now  seems  surprisingly  simple. 

The  compound  microscope,  J/,  magnifying  about  100  diam- 
eters, is  provided  with  a  filar  ocular  micrometer,  n.  The  objec- 
tive and  the  whole  lower  part  of  the  microscope  is  submerged 
in  the  condensation  chamber,  being  suspended  for  this  purpose 
from  the  wide  rubber  cork,  C,  All  lenses  below  C  are  her- 
metically sealed  with  wax.  The  microscope  originally  carried 
a  rigid  stem,  r,  to  which  were  then  attached  the  plate,  «,  to  be 
examined,  the  mirror  7/i,  and  the  metallic  disc  or  shield,  d. 
Afterwards  the  more  flexi- 
ble adjustment  shown  in  the 
figure  and  described  below 
was  adopted.  The  lower 
side  of  jp,  which  is  flush 
with  the  objective,  and  the 
upper  side  of  s  are  covered 
with  wet  blotting  paper,  the 
latter  being  perforate<l  to 
admit  light  into  the  micro- 
scope through  the  thin 
cover  glass  placed  at  8  and 
held  sharply  in  focus  by  a 
suitable  clip.  The  field 
within  which  drops  are  to 
be  counted  is  bounded  at 
pleasure  by  the  wires  of  the 
micrometer. 

This  apparatus  was  totally 
unsuccessful.  Drops  were 
but  rarely  seen  to  fall  on 
exhaustion,  while  the  dew 
soon  gathered  on  the  j)late 
*,  in  such  a  way  as  to  be 
easily  mistaken  for  droplets ;  for  the  dew  evaporates  like  the 
latter  when  the  microscope  is  removed,  and  the  regularity  of 
the  pattern  on  the  plate  is  the  only  distinguishing  feature. 

Various  modifications  of  this  apparatus  were  then  used, 
among  them  capsule  forms  similar  to  Aitken's,  but  containing 
a  very  thin  plate  of  glass  or  mica  or  celluloid  slightly  raised 
above  the  base  on  pellets  of  wax.  It  was  supposed  that  this 
would  counteract  the  tendency  of  the  drops  to  vanish  by 
evaporation  from  the  warmer  glass  surface.     Capillary  metallic 

•C£.  Arrhenius,  KoBmiache  Physik,  vol.  ii,  p.  487,  1908. 

Am.  Joub.  8oi.— Fourth  Sbbibs,  Vol.  XYII,  Na  SB.^Fkbruart,  1904. 
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tubes  led  to  the  "  curl "  aneroid,  the  filter,  and  to  the  cock  for 
influx  of  air,  the  only  large  tube  being  the  exhaust  pipe. 
Condensation  again  occurrSi  as  a  microscopically  granular 
deposit  spontaneously  on  tlie  raised  surface,  under  all  circum- 
stances, and  the  experiments  were  failures.  After  oiling  the 
raised  filmy  mica  surface,  however,  dronlets  were  often  seen 
to  fall  and  either  to  stick  fast  or  to  noat.  These  could  at 
times  be  counted  (2000-5000  per  cub.  cm.J;  but  the  rapid 
evanescence  of  precipitated  droplets  and  tne  failure  of  all 
attempts  to  reacii  systematic  results  induced  me  to  abandon 
the  capsule. 

I  therefore  returned  to  the  apparatus  in  figure  1,  using  at  *  a 
plate  of  thin  microscopic  glass  covered  with  a  film  of  oil  and 
exposed  in  the  capacious  vacuum  chamber.  The  experiments 
were  now  phenomenally  successful.  Thus  for  the  aperture  «  =5 
the  mean  results  were  n  =  150,000,  and  for  s  =  4*6  (w  g  b  p), 
n  =  140,000.  The  precipitation  of  globules  was  clearly  seen 
and  they  persisted  even  after,  the  exhaustion  was  removed. 
The  numbers  being  excessive  and  referable  to  globules  swept 
in  by  lateral  air  currents,  an  improvement  was  now  added  by 
increasing  the  diameter  of  the  disc  p  to  about  5*^.  The 
improved  apparatus  gave  no  results  whatever,  and  the  mere 
adaition  of  the  wider  disc  wiped  out  all  precipitation.  But 
this  capricious  behavior  is  characteristic,  for  next  day  with  a 
smaller  disc  drops  were  seen  to  fall  as  follows : 

^  =  4-5  wgbp  n  =  6-6X10* 

4*6  wgbp  4*7 

6-3  wgbp  13-3 

after  which  no  precipitation  could  be  caught  in  the  six  subse- 
quent exhaustions  by  the  identical  method.  The  same  unac- 
countable irregularity  was  noted  in  the  afternoon.  Next  day 
again  the  first  experiments  showed 

5  =  60  wcg  n  =  7-3X10* 

6-4  wgvp  12-4 

after  which  further  precipitation  did  not  occur. 

The  apparatus  was  then  again  modified  to  the  final  form 
shown  in  figure  1,  by  inserting  a  thin  brass  tube  laterally 
through  the  stopper  C,  and  firmly  soldering  this  tube  at  e 
above  and  below  to  the  body  of  the  microscope.  A  rod 
snugly  fitting  the  tube  thus  provided  an  eccentric  focussing 
device,  ahcd^  with  a  stuffing  box  at  J,  and  an  external  handle 
at  a.  The  latter  is  adjustable  by  aid  of  a  set  screw  so  that  the 
plate  8  may  be  kept  in  focus  during  rotation  of  the  rod.  To 
catch  the  droplets,  the  plate  s  is  rotated  into  the  position  s' 
quite  beyond  the  shield,  p^  for  a  time  (15—30  seconds)  and 
tnen  returned  to  8  for  examination.     In  this  way  the  definite 
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results  were  obtained,  in  a  manner  to  be  further  detailed 
below,  with  the  apparatus  free  from  capricious  behavior.  It 
is  of  particular  interest  that  the  particles  caught  on  the  oiled 
surface  persist  as  brilliant  round  elobules  for  a  long  time  (10 
min.  or  more)  in  a  saturated  atmosphere.  They  very  gradually 
vanish  as  a  rule,  on  the  readmission  of  air  into  the  condensa- 
tion chamber. 

To  remove  the  globules  for  the  next  experiment  the  influx 
of  air  is  thus  not  generally  sufficient.  It  is  necessary  to  with- 
draw the  microscope  from  the  condensation  chamber  bodily 
and  to  wave  it  about  a  few  times  in  dry  air.  On  returning  it 
to  the  chamber  the  plate  is  then  again  clean  and  white. 

At  first  the  plate  was  oiled  by  a  small  flat  piece  of  blotting 
paper  saturated  with  oil  and  held  on  a  stem,  care  being  taken 
to  remove  all  excess.  Clean  machine  oil  or  ordinary  illumina- 
ting oil,  or  a  mixture  of  the  two,  subserved  the  purpose  about 
equally  well.  Probably  the  best  method  of  oiling  consists  in 
dipping  the  plate  rotated  outward  to  /  in  very  hot  melted 
vaseline  (to  drive  away  moisture),  removing  the  excess  while 
hot  by  filter  paper,  and  when  cold  submerging  the  plate  in 
petroleum  for  transparency.  With  solution  of  vaseline  in 
benzine,  etc.,  I  have  been  less  successful.*  A  film  of  varnish 
dried  and  soaked  in  turpentine  was  used.  When  drops  are  to 
be  counted  by  the  method  given  below,  the  oil  film  must  be 
practically  solid ;  otherwise  the  capillary  forces  produce  an 
immediate  and  often  startling  redistribution  of  the  precipitated 
granules,  though  they  may  not  coalesce, 

3.  Behavior  of  the  precipitated  droplets, — In  case  of  a 
petroleum  film  on  the  plate,  the  water  droplets  were  sometimes 
seen  to  fall  and  float  on  the  film,  which  is  positive  evidence 
against  spurious  droplets.  They  are  usually  black  and  circular 
in  outline,  but  when  the  light  is  intense  and  axial,  they  are 
often  colored.  Fixed  globules  were  apt  to  be  larger  and  more 
irregular  and  pink  or  red  in  color.  The  color  was  eventually 
traced  to  the  chromatic  aberration  of  the  objective  used.  This 
defect  was  rather  useful  in  detecting  clear  globules,  but  it 
would  be  fatal  in  photography. 

On  tipping  the  microscope  so  that  the  light  does  not  pene- 
trate the  vividly  colored  (lro])s  axially,  they  seem  to  cast 
shadows  in  opposed  directions  for  symmetrical  inclinations  on 
both  sides,  as  in  fig.  2 ;  but  the  phenomenon  is  probably  a  case 
of  refractionf  with  the  shadow  beginning  at  the  edge  of  a  dis- 

*  It  has  thus  far  been  difficult  to  produce  an  oily  film  free  from  flaw  and 
quite  glossy  under  the  microscope,  where  surfaces  are  apt  to  be  either  retic- 
ulated or  fluid. 

f  That  the  effects  described  are  associated  with  the  aplanatic  foci  of 
spheres  (as  I  at  first  supposed)  is  improbable.  The  globules  lie  on  the  oil 
film  through  which  nearly  parallel  light  enters.  The  caustic  is  not  shown 
in  fig.  2. 
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tinctly  visible  caustic.  Similarly  on  moving  the  lamp  horizon- 
tally to  either  side  from  the  position  corresponding  to  vivid 
pink  color,  iig.  3,  and  axial  illumination,  the  globules  become 
opaque  and  look  like  round  shining  steel  beads.  The  diameter 
of  tne  beads  has  but  little  effect  on  the  axial  or  the  other 
color.*  If  the  lamp  is  moved  until  the  field  is  dark,  the  plate 
looks  like  the  starry  heavens.  These  "  stars  "  or  foci  are  seen 
to  be  above  the  drops.  They  should  lie  (roughly)  •0003/'33  to 
•0015/-33^'"  above  it. 

2 

After  remaining  in  the  plate  for  some  minutes  the  fixed 
droplets  often  become  rosette-shaped  (apparently),  at  first  (fig. 
4)  snowing  a  mere  black  spot  in  the  center  of  the  color  disc 
which  gradually  enlarges  to  a  ring-shaped  appearance  slowly 
moving  radially  outwards.  As  a  rule,  the  color  is  eventually 
the  same  on  the  inside  and  the  outside  of  the  enlarged  ring, 
the  ring  itself  appearing  red  with  black  demarcations  in  the 
surroi^nding  green  field  as  shown  in  the  figure.  On  influx  of 
air  the  structure  becomes  washed.  The  small  globules  when 
at  first  deposited  never  show  the  same  color  within  and  with- 
out, the  former  being  uniformly  red  and  the  latter  white.  As 
the  rings  are  not  easily  produced  with  a  very  viscous  oil,  it  is 

3  4 

®       ©       (D  O        0 

probable  that  the  droplet  has  here  penetrated  to  the  glass  and 
that  the  oil  film  is  drawn  over  it  by  the  capillary  forces  at  the 
common  edge  of  the  three  media.  But  the  cause  of  the  radial 
expansion  is  an  interesting  subject  for  conjecture. 

4.  Preliminary  measurements, — Before  adopting  the  eccen- 
tric focussing  device,  many  experiments  were  maae  to  ascer- 
tain the  cause  of  the  uncertamty  in  catching  the  drops  on 
the  plate  when  kept  in  place,  seeing  that  sometimes  the  pre- 
cipitation was  abundant,  while  at  other  times,  under  the  same 
apparent  conditions,  drops  did  not  fall.  Failures  occurred  both 
for  high  and  for  low  nucleation.  From  the  outset  it  was 
improbable  that  radiation  from  the  outside  could  affect  the 
result.     It  was  eventually  ascertained  that  on  tipping  the  con- 

*  The  degree  of  tranBparency  wiU  depend  on  the  amount  of  contact  of  the 
globule  and  the  oil  film,  and  the  floating  globules  are  therefore  Bometimes 
quite  opaque,  at  other  times  partially  or  wholly  transparent. 
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denBatioii  chamber,  after  the  fog  had  formed  so  that  the  subsi- 
dence would  reach  the  plate  obliquely,  a  precipitate  would 
usually  appear.  Again,  an  oblique  current  within  the  chamber 
and  passing  across  tTie  plate  usually  produced  a  deposit.  Hence, 
as  the  drops  actually  exist  within  the  fog,  success  in  bringing 
them  down  upon  tlie  plate  is  conditioned  by  very  close  iso- 
thermal adjustment  of  the  plate  to  its  surroundings,  added  to  the 
advantages  gained  from  incidental  and  favorable  air  currents. 
Thus  a  little  time  must  always  elapse  before  the  drops  persist 
at  the  plate,  and  therefore  the  droplets  from  a  shallow  capsule 
do  not  appear.  Using  a  film  of  mica  as  a  plate  the  result  was 
the  same,  and  it  is  useless  to  attempt  to  enumerate  the  drops 
by  this  method.  Those  which  fall  are  carried  in  by  grazing 
air  currents,  while  no  drops  are  obtained  from  the  liducial 
space  under  the  objective.     Cf .  §  5. 

^'evertheless,  the  measurement  of  the  diameters,  d,  of  the 
drops  obtained  by  the  given  method  without  modification  is 
an  excellent  test  of  the  results  obtained  elsewhere  by  computa- 
tion. The  factor  of  the  ocular  micrometer  described  above 
was  '002^™  per  turn  of  the  screw  or  •00004'^"™  per  scale  part  of 
the  drum  divided  into  50.  The  extent  of  plate  covered  by  the 
breadth  of  the  spider  lines  was  about  '0003*^™.  The  finest  par- 
ticles are  of  about  this  diameter,  so  that  such  measurements 
must  at  best  be  much  inferior  to  photography  with  a  scale 
attachment.  I  will  pass  over  the  tabulated  results  here,  merely 
stating  that  the  coronal  color  with  its  diameter,  s  (chord  of 
a  radius  of  30*^"™),  was  observed  w4ien  the  eye  and  the  source  of 
light  (Welsbach  mantel  seen  through  a  small  circular  hole) 
were  at  distances  85"^"^  and  250^",  respectively,  from  the  center 
of  the  condensation  chamber.  The  exhaustion  was  usually  to 
a  pressure  difference  of  17''",  but  this  is  of  no  significance  when 
diameters  are  alone  to  be  measured.  The  particles  were  col- 
lected by  tipping  the  chamber,  sometimes  in  large  numbers, 
but  at  other  times  sparsely  distributed  without  apparent  cause. 
!Nuclei  were  conveniently  obtained  from  burning  charcoal. 
Both  floating  and  fixed  globules  were  examined  with  strong 
microscopic  illumination.  It  was  diflScult  to  retain  a  clear  image 
without  frequently  removing  the  plate  as  the  adjustment  for 
focussing  the  plate  within  the  chamber  had  not  yet  been  adopted. 

Floating  globules  were  sometimes  observed  in  the  act  of 
coalescing ;  but  this  is  much  rarer  than  the  passage  of  a  float- 
ing droplet*  over  a  fixed  one  without  interference.  A  distinct 
central  red  area,  shading  off  into  darkness,  was  seen  even  in  the 
floating  globules  when  axially  illuminated  by  intense  li^ht. 
The  larger  drops  were  often  metallically  green.     The  colors 

*  Mnltitudes  of  fog  particles  are  often  seen  moving  in  opposite  directions 
across  the  field  and  turning  about  normally  at  the  edges  of  a  liquid  film. 
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(chromatic  aberration)  vatiisli  after  lone  standing  and  they  are 
particularly  vivid  immediately  after  fallinfi.  It  was  not  even 
now  po^ible,  iu  spite  of  all  precauciooe  io  tipping  tlie  veeeel,  to 
obtain  an  abundant  crop  of  drope  at  pleasure. 

If  the  results  are  given  graphically  in  a  chart  in  coinpari.son 
with  the  computed  data  of  my  earlier  experiuiente*  as  well  as 
with  my  laterf  experiments,  the  observed  results  lie  below  the 
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latter  where  adiabatic  conditions  were  assumed,  and  above  the 
more  recent  experiments  where  the  effect  of  the  successive 
expansions  was  computed  isothermally.  In  other  words,  the 
observed  diameters  were  intermediate  but  nearer  the  older 
results. 

5.  Number  of  droplets. — The  following  results  were  obtained 
with  the  definite  form  of  apparatus  shown  in  figure  1.  A 
method  of  estimating  the  nucleation  from  a  direct  count  made 
under  the  microscope  is  obtained  as  follows :  Let  the  plate  s 
be  rotated  to  «'  so  as  to  catch  the  descending  fog  particles  for 
a  definite  inter\'al  of  time,  t.  If  v  be  their  velocity  of  subsi- 
dence, all  particles  within  a  height,  /(,  will  be  caught,  if 

h  =  vt  (1) 

and  11=  loV/3-24  (2) 

where  the  usual  value  of  the  viscosity  of  air  has  been  inserted. 
Furthermore,  »«  grams  are  precipitated  per  cub.  cm.  by  the 
given  exhaustion,  and  if  n  be  tlie  nucleation 

n=6m/^d-  (3) 
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Finally  if  o  is  the  area  of  the  field  seen  in  the  microscope  and 
n^  the  number  of  particles  falling  into  this  field 

n'  t=:nhc  (4) 

From  these  equations  n  is  obtained  by  eliminating  v  as 

,  -_    2-11  xn^ 

The  values  of  the  constants  usually  adopted  were  ^  =  30  sec., 

c  =144X10-"  sq.  cm.,  m^^=2'SXlO-\  whence  \/n=l'75Xn\ 
The  experiments  to  test  this  method  often  gave  serviceable 
results  some  of  which  are  inserted  in  the  following  tables ;  but 
at  times  the  72^ values  are  out  of  proportion  The  reason  of 
this  is  three-fold :  In  the  first  place  7^  is  found  from  n^/^  with 
the  usual  difficulty.  Again,  in  a  simple  arrangement  like  the 
above,  air  currents  cannot  be  quite  excluded.  They  may  arise 
incidentally  in  the  apparatus,  or  the  motion  of  the  plate  even, 

Table  I. — Observed  diameters  (d)  of  cload  particles  and  numbers  (n)  per 
cab.  cm.  m=4'7xl0-*  g  per  cub.  cm.;  micrometer  factor  •00004«'». 
Distances  of  goniometer  and  light  from  condensation  chamber,  85^*"  and 
SSO*";  chord  «  for  radius  30«".     Exhaustion  to  (Jp=17«". 
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upon  tbe  disc  before  niid  after  the  expoBiire,  ae  whs  ac-tnallf 
observed.  The  difficulty  may  be  removed  by  addinp  a  capsule 
above  tbe  plate  or  siiuply  by  decreasing  tbe  distance  between 
tlie  shield  and  tlie  plate  to  a  fnilliinetcr  or  leas.  Finally  if  the 
oil  tilin  is  eemi-fltiid  and  not  qnite  Hxed,  if  there  ib  slight 
creeping  as  was  often  the  case,  the  particles  are  redistributed 
after  falling  aloug  stream  lines  where  they  cohere  in  etringg 
and  buncboe,  usually  without  coalescing.  This  was  also 
observed,  and  in  fact  tbe  capillary  forces  involved  are  apt  to  be 
strong  enough  to  counteract  viscosity. 

6,  Data. — I  have  not  thus  far  spent  much  time  in  correct- 
ing tht^e  defects,  chiefly  beeause  the  nevi  results  for  the  diam- 
etere  of  fog  particles  are  more  immediately  interesting.  Some 
data  are  given  in  Table  I. 

If  the  diameters  measured  are  plotted  in  a  chart,  together 
with  the  results  computed  from  snccessive  exhaustions  and 
coronal  aperture  s  in  the  older  (curve  b)  and  in  the  more  recent 
(curve  o)  experiments,  the  present  values  again  lie  between  the 
two  curves  but  now  nearer  the  lower  (recent)  curve  than  before, 
%i.  I  shall  not  pause  to  interpret  tbe  differences  which 
remain,  but  only  to  remark  that  the  capillary  forces  at  the  area 
of  contact  of  the  droplet,  even  with  the  liquid  oil  Jihn,  may 
transform  it  to  an  oblate  spheroid  and  that  diffraction  at  the 
circular  edges  of  tbe  drops  ia  not  excluded.  Microraetric  data 
cannot  he  smoother  because  the  particles  are  not  of  a  size  for 
thu  siuHL-  corona.  If  the  nucleatiou  «,,  ol>tfiiiit'<l  from  succes- 
sive isothennal  exhaustions  and  subsidence  measurement,  be 
accepted  as  correct  (lower  curve  a),  the  ratios  of  the  nnclea- 
tion  found  from  tbe  different  methods  tested  will  be 
From  subsidence,  a=0029,  (?/rf,=  l-0    n/n,=l-0 

fromlycopodium  (rf  =00:(2™),a='0034,  "  =1-2  «/«,=  -61 
from  diflfraction  (blue),  ffl  =-0034,  "      =1-2     njn,=    -61 

from  micrometer  measurement,  a  =-0037,  "  =1-3  njn^=  -48 
old  results  (adiabatic  conditions  assumed),  "     =1-6     njn,=^  '24 

Since  n  is  obtained  from  the  cube  of  d,  lai^e  difference*  of  this 
kind  are  as  yet  inevitable,  particularly  as  tlie  particles  meas- 
ured in  these  different  cases  are  not  the  same. 

7.  Graded  nuclei. — The  point  of  special  interest  which 
comes  out  on  using  the  eccentric  plate  to  catch  the  subsidence 
during  15  or  30  seconds,  and  at  once  examining  the  deposit,  is 
the  result  that  particles  of  all  sizes  are  present.  By  far  the 
greater  nnnilwr,  however,  have  the  maximum  diameter.  These 
particles  are  caught  from  the  fog  without  interference  and  it  is 
not  prolmble  that  coalescence  or  evaporation  have  been  appre- 
ciably operative,  so  long  as  the  corona  remains  the  same 
throughout     the    miei-ometer    measurement.      The    probable 
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explanation  Ia  this :  while  the  pressure  decrement  is  growing 
from  zero  to  the  maximnm  hp^  condensation  is  taking  place  on 
the  greater  number  of  particles  throughout  the  whole  of  this 
interval.  In  other  words,  although  the  nuclei  are  graded  in 
size,  the  greater  number  exceed  a  certain  dimension  and  require 
almost  no  pressure  decrement  to  induce  condensation.  These 
are  the  particles  (diameter  exceeding  a  certain  inferior  limit) 
which  give  character  te  the  persistent  corona.  A  minority  of 
the  graded  particles  are  below  the  dimension  in  question  and 
upon  these  condensation  does  not  take  place  until  the  higher 
values  of  the  pressure  difference  are  reached,  some  may  even 
require  the  full  pressure  decrement,  hp.  Thus  it  is  that  in  the 
deposit  of  fog  particles,  one  finds  those  of  diameter  '001°°* 
intermixed  with  others  of  smaller  diameter,  even  as  far  as 
•0002^  or  less.  When  fresh  phosphorus  nuclei  are  first  intro- 
duced into  the  condensation  chamber  the  result  is  a  grey  fog, 
but  a  relatively  small  white  reddish  corona  is  nevertheless  dis- 
cernable.  Accordingly  the  crop  of  droplets  seen  under  the 
microscope  contains  not  only  surprisingly  small  but  also  rela- 
tively large  droplets,  with  all  intermediate  diameters.  Hence 
the  indefinite  fog  and  the  small  corona.  The  large  olive  (g  b  p) 
corona  and  other  of  the  early  coronas  are  very  apt  to  fade  into 
a  coarse  white  reddish  corona.  This  is  the  evaporation  of  the 
smaller  particles  into  the  larger,  whi(jh  accounts  moreover,  for 
the  loss  of  nuclei  during  the  first  precipitation,  to  be  caught  in 
subsequent  exhaustions.  The  successive  coronas  in  a  series 
gradually  become  sharper  and  the  larger  particles  more  uni- 
form, but  extremely  fine  particles  are  still  present  even  when 
one  approaches  the  normal  coronas.  The  tine  particles,  how- 
ever, belong  to  coronas  so  large  and  diffuse  that  their  coronal 
effect  scarcely  modifies  the  strong  coronas  of  the  large  particles, 
even  before  the  former  vanish  by  evaporation. 

When  I  first  observed  these  different  sizes  of  drops  caught 
on  a  single  plate,  it  seemed  not  improbable  that  a  difference  of 
the  conaensational  effect  of  the  negative  and  the  positive  ions 
might  here  be  actually  in  evidence;  but  as  all  intermediate 
sizes  are  present  at  the  outset,  and  particularly  as  large  and 
small  droplets  still  appear  together  long  after  all  electrification 
has  certainly  vanishea,  this  conclusion  is  not  warranted.  What 
continually  favors  uniformity  is  subsidence  of  fog.  As  the 
phosphorus  nuclei  are  graded,  it  is  probable  that  the  very  fine 
droplets  are  due  to  the  initial  or  primitive  nuclei  from  which 
the  larger  nuclei  have  grown  by  cohesion  ;  or  the  fine  droplets 
may  be  due  to  air  nuclei  associated  with  the  phosphorus  nuclei. 
All  this  will  appear  in  a  more  minute  photographic  study  of 
the  subject  with  which  I  am  now  engaged,  and  it  will  tnen 
be  further  interesting  to  decide  whether  the  nuclei  generated 
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hy  the  X-rays  are  uot  also  graded  below  a  certain  usuallr  mucii 
smaller  inaximiim  diameter,  and.  in  general,  to  ascertain  where 
tJie  nuclei  originate.  That  this  maximum  diameter  will 
increase  with  tho  lapse  of  time  allowed  for  coherence  mav  Iw 
iiifeiTed  from  my  experiments  with  the  steam  jet :  X-ray 
nuclei  will  not  act  upon  the  steam  tube  uulefis  a  certain  time  is 
allowed  for  growth,  as  I  understand  it.  The  coarse  and 
washed  type  of  coronas  obtained  with  nuclei  produced  by  the 
X-rays  is  evidence  of  graded  size,  while  the  fog  particles,  so 
far  OA  I  have  yet  caught  thcni.  are  of  varied  dimenBioiis.  In 
these  cases  the  X-rays  reached  the  inside  of  the  coudeneatioii 
chamber  through  its  waxed  wood  walls  lined  with  wet  cloth. 
To  obtain  a  fairly  strong  and  large  corona  an  exposure  to  the 
raye  lai^ting  5  to  10  minutee  was  needed,  as  the  radiation  was 
not,  very  intense.  In  this  interval  the  original  extremely 
small  nuclei  are  probably  undei^oing  continuous  growth,  for 
instance  by  cohering,  so  that  on  exhanation  particles  of  all 
sizes*  are  revealed.  In  addition  to  the  ra^ed  coronas  there  is 
copious  rain. 

*UiMler  these  cirouniBtHiiura  it  seetuB  rvcwoiiAbli'  that  tbe  timv  loss  of 
nnclei  luuat  at  the  mit»Bt  hr-  projHirtiDiiiil  to  tlie  sqasre  but  finaHy  lo  Uie 
ftrat  power  of  the  nTiinber,  luwiimiiii;  that  eventitall;  the  large  nuclei  do  mut 
of  the  calchiDK, 

Bmwn  University,  ProvidenoB.  R.  I. 
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SCIENTIFIC     INTELLIGENCE. 

I.    Chemistry  and  Physics. 

1.  Formation  of  Ozone, — When  an  electric  discharge  was 
>a88ed  in  a  tube  of  fnsed  quartz  evacuated  to  a  few  millimeters 
>f  mercuric  pressure,  it  was  noticed  by  E.  Goldstbin  that  an 
ntense  odor  of  ozone  was  produced  in  the  vicinity  of  the  quartz 
^ube.  Potassium  iodide  and  starch  paper  were  quickly  made  blue 
>y  the  product.  The  odor  disappeared  instantly  when  the  dis- 
marge  was  interrupted.  The  phenomenon  appeared  when  the 
^  pressure  in  the  tube  was  varied  rather  widely  ;  it  was  most 
ntense  when  the  light  from  the  tube  was  brightest.  Narrow 
,abes  were  found  to  be  preferable  to  wide  ones  for  the  purpose. 
S^o  odor  of  ozone  was  perceptible  when  glass  tubes  were  used  in 
>lace  of  those  of  quartz.  The  author  believes  that  the  phenom- 
mon  is  due  to  the  action  of  ultra-violet  rays  of  very  small  wave* 
ength,  which  pass  through  the  quartz  glass  and  convert  the 
)xygen  of  the  air  into  ozone. 

When  a  U-shaped  quartz  tube,  through  which  the  discharge 
vas  passing,  was  dipped  into  liquid  air,  noticeable  ozonization 
lid  not  appear  to  take  place.  It  is  possible  that  the  ozone  in  the 
lir  surrounding  a  quartz  discharge-tube  might  have  been  con- 
lensed  by  cooling,  but  it  seemed  preferable  to  make  the  experi- 
nent  with  oxygen  inside  of  a  tube  where  the  production  of  ozone 
vould  probably  be  greater.  Experiments  showed  that  it  was 
>ossible  to  convert  oxygen  entirely  into  ozone  within  a  Geissler's 
ube,  which,  in  this  case,  was  made  entirely  of  glass,  by  cooling  • 
I  portion  of  the  tube  with  liquid  air  and  admitting  oxygen 
rom  time  to  time  in  proper  quantities.  The  cooled  part  of  the 
ube  quickly  became  coated  with  a  blue  layer  of  liquid  ozone. 
»Vhen  the  tube  was  removed  from  the  liquid  air  the  blue  liquid 
an  down  the  walls  of  the  tube  and  collected  at  the  bottom  as  ^ 
»]ackish-blue  liquid.  When  a  part  of  the  tube  was  kept  cool  with 
iquid  air  the  pressure  within  the  tube  fell  to  about  -j^^™""  and  this 
pressure  remained  constant  as  long  as  liquid  ozone  was  present^ 
ven  when  the  tube  was  pumped  out  as  far  as  possible.  This 
ndicated  that  all  of  the  oxygen  was  converted  into  ozone  and  it 
bowed  the  tension  of  ozone  at  the  temperature  of  liquid  air. 
"NO  spontaneous  explosions  of  the  liquid  ozone  took  place  during 
hese  experiments,  such  as  were  observed  by  Ladenburg  when 
►zone  was  condensed  under  atmospheric  pressure. — Berichtey 
:xxvi,  3042.  h.  l.  w. 

2.  A  Peculiar  Proj)eriy  of  Some  Hydrated  Salts.  —  A.  de 
icHULTEN  observes  that,  as  a  general  rule,  where  salts  form 
everal  hydrates,  the  hydrate  richest  in  water  gives  the  lower 
ydrates  by  successive  increases  in  temperature.  For  instance, 
lgSO/12H  O,  at  a  few  degrees  above  freezing  is  changed  to 
fgSO/7H,0,  while  at  52°  MgS0/6H,0  is  formed,  and  at  132^ 
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MgSO,-H,0  is  produced.  Manv  otber  cases  of  thie  usnal  manner 
of  tranaforraation  are  kooivn.  Tlie  peculiarity  to  which  attention 
18  called  U  the  behavior  of  certain  hydrates  whii'U  do  not  act  in 
the  usual  way  in  this  rpBpeot.  Three  examples  are  given.  Gay- 
lusaite,  CaCO^-Na/30,'6H  O  loses  the  whole  of  its  water  at  100^, 
while  pireaoiiite,  CaCO,-Na,00,2H,0,  does  not  undergo  any 
chancre  at  100°,  and  it  is  only  at  a  tem|ierature  of  130°  tbatil 
loBtsB  the  whole  of  ils  water.  "The  compound  Mg,(PO,),-23H,0, 
at  100",  quickly  loses  18  molecules  of  water,  and  then  very  slowly 
loses  more  water,  while  artiflcial  bobierrile,  Mg,(PO,),-8H  0, 
does  not  undergo  any  alteration  at  100°.  The  aneniate  Mg,- 
{AsO.j.-aaH  O,  corresponding  to  the  above  phosphate  loees  17 
molecnles  of  water  very  quickly  at  100°,  while  artificial  hoer- 
nesite,  Mg,{  AbO,),-8H,0,  does  not  change  at  all  at  100°. — JBuiktin, 
xxix,  724,  (I.  r,  w. 

3.  Altcmplg  to  Prepare  Nitrogen  Fluoride. — Several  yrare 
a^  it  was  announced  by  Warren  that  he  had  prepared  a  fluoride 
of  nitrogen  in  oiiy  drops  hy  the  electrolysis  of  ammonium  flaoride 
Gohition.  Moissao  failed  to  produce  any  such  compound  by  tb« 
action  of  fluorine  either  on  nitrogen  or  ammonia,  KuPP  and 
OaiSEL  have  recently  attempted  to  prepare  the  compound  by 
Warren's  method,  and  by  other  methods  which  suggested  them- 
selves, and  after  an  elaborate  series  of  experiments  were  nnahle 
to  obtain  any  evidence  of  its  existence.  It  seems  probable  that 
Warren  used  ammonium  chloride,  and  that  the  explosive  body 
obtained  by  him  was  merely  nitrogen  chloride. — Beriehfe,  xxsvi, 
267".  H.  u  w. 

4.  QiKintitatine  Chtwical  Anali/ai» ;  by  the  late  Dr.  C. 
Rsuiuius  KuKSKNius.  Authorized  Translation  of  the  Sixtii 
German  Edition  by  Alfred  I.  Cohn.  2  vols.,  fivo,  pp.  780  and 
1255,  New  York,  1904  (John  Wiley  A  Sons).— This  voluminoas 
work  is  apparently  an  absolutely  complete  translation  of  the  last 
German  edition,  which  appeared  in  I8T6,  twenty-nine  years  ago. 
The  translator  has  made  a  number  of  additions.  In  the  first  part, 
which  ic  the  system.'itic  treatment  of  the  subject,  the  additions 
are  practically  confined  to  those  introduced  by  Johnson  and  hv 
Allen,  and  to  be  found  in  the  last  American  edition  of  1881,  ft 
is  to  be  noticed,  however,  that  modern  atomic  and  molecular 
weights  have  been  substituted  for  older  ones  throughout  the 
work.  The  i>econd  or  special  part  of  the  book  contains  occasional 
additions  by  the  translator  of  modern  methods,  and  as  appendices 
are  added  the  methods  of  analysis  adopted  by  the  Association  of 
Official  Agricultural  ChemiNts,  and  also  Hillebrand's  treatise  on 
Rock  Analysis. 

It  is  to  be  regretted  that  the  translator  abandoned  his  original 
intention  of  inserting  many  of  the  more  recent  and  improved 
methods  of  chemical  analysis,  for  space  might  have  been  gained 
for  these  by  the  omission  of  the  antiquated  methods  thus  sup- 
planted ;  but  the  reverential  attitude  of  the  translator  waa  evi- 
dently such  that  it  seemed  improper  to  omit  anything.    However, 
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should  be  observed  that  a  large  part  of  the  inorganic  analysis 
I  thirty  years  ago  is  applicable  at  the  present  time,  and  that 
lis  classical  work  of  Fresenius  must  still  be  considered  the  stand- 
rd  reference  book  on  the  subject.  h.  l.  w. 

6.  The  Analytical  Chemistry  of  Uranium;  by  Harey  Brear- 
BT.  8vo,  pp.  45.  London,  1903  (Longmans,  Green  &,  Co.). — 
Tiis  little  book  deals  chiefly  with  the  author's  experience  in 
etermining  uranium,  in  separating  it  from  the  associated  ele- 
lents,  and  in  descriptions  of  analyses  of  uranium  minerals.  In 
iew  of  the  present  importance  of  uranium  ores  as  sources  of 
etdinm,  it  seems  remarkable  that  this  interesting  metal  is  not 
lentioned  in  the  book  under  consideration  in  the  list  of  elements 
ecurring  in  pitchblende.  It  is  still  more  remarkable  that  the 
uthor  apparently  is  not  familiar  with  the  discovery  of  helium, 
3r  he  mentions  nitrogen  as  a  constituent  of  pitchblende  and 
efers  only  to  Hillebrand's  work  on  this  subject.  ii.  l.  w. 

6.  Chemical  Calculations ;  by  H.  L.  Wells.  8yo,  pp.  58. 
few  York,  1903  (Henry  Holt  <fc  Co.). — The  first  thing  noticed  on 
pening  this  book  is  the  excellent  arrangement  of  the  logarithm 
Eibles,  which  are  provided  with  a  thumb-index  and  are  exceed- 
igly  convenient  for  such  calculations  as  a  chemist  usually  has  to 
lake.  There  is  a  table  of  gravimetric  factors  for  calculating 
nalytical  results  which  is  very  complete,  and  a  convenient  set  of 
ables  to  be  used  for  gases.  Also,  a  table  for  calculating  indirect 
nalyses,  and  another  to  be  used  in  calculating  fluxes  to  form 
lags.  The  second  part  of  the  book  explains  briefly,  with  examples^ 
ow  the  tables  are  used.  h.  w.  f. 

7.  Solar  Radiation  and  the  Pressure  of  Light, — This  subject 
»  discussed  in  an  important  paper  by  Professor  Poynting  of  the 
Jniversity  of  Birminejham.  The  author  takes  the  fourth  power 
aw,  R  =  8^,  where  R  is  the  energy  radiated  per  sec,  per  cm.  by 
,  full  radiator  at  temperature  ^"A  (A  stands  for  the  absolute 
cale)  and  8  is  the  constant  of  radiation.  According  to  Kurl- 
>aum 

or  =  5-32x10-' erg. 

Taking  the  various  values  given  by  diflFerent  observers  of  the 
olar  constant,  Poynting  calculates  the  eflFective  temperature  of 
he  sun,  and  places  it  between  6000°  A  and  7000  A — more  exactly 
kt  6200°  A.  The  eflFective  temperature  of  space  is  then  10°  A. 
i  a  body,  therefore,  is  raised  to  a  small  multiple  of  10° — say  00° 
—the  fourth  power  law  of  radiation  implies  that  it  is  giving  out 
md,  therefore,  receiving  from  the  sun  more  than  a  thousand 
imes  as  much  energy  as  it  is  receiving  from  the  sky.  The  sky 
adiation  can,  therefore,  be  left  out  of  account,  when  we  are 
lealing  with  approximate  results,  and  bodies  in  the  solar  system 
nay  be  regarded  as  being  situated  in  a  zero  enclosure  except  so 
ar  as  they  are  receiving  radiation  from  the  sun. 

On  the  supposition  that  the  moon  does  not  conduct  inward,  its 
ipper  limiting  temperature  is  found  to  be  371°  A,  just  below  the 
emperature  of  boiling  water.     Langley  estimated  the  tempera- 
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tnre  of  the  moon  to  be  a  few  degrees  Above  the  freezing  point, 
On  the  Buppoeition  that  ihrec-liflhij  of  the  hcnt  i«  conilncted 
inward,  Poynting  calculates  the  upper  limit  al  207°  A.  lie  also 
cati^tilates  tlie  temperature  of  fully  absorbing  spherical  boilies  of 
I""  in  diameter  at  the  distance  of  the  earth  from  the  sun  an' 
finds  the  temtieraiure  0=  300"  A.  Thin  will  be  tho  temperatui 
of  biddies  stnalW  ttian  l"*,  ho  long  a«  they  are  not  too  small  to 
abeorb  all  the  radiation  falling  upon  them.  The  variation  of 
temperature  with  distance  from  the  sun  is  next  estimated  ;  th^ 
author  regards  it  as  highly  probable  that  the  temperaturo  of  mas^^ 
is  everywhere  below  the  temperature  of  freezing  point  of  water. 
The  only  escape  from  this  conclusion  is  to  suppose  an  appre- 
ciable amount  of  heat  issuing  from  his  surface.  C'onsidenng  a 
oomet  aa  made  up  of  small  particles  of  the  order  1™  or  less, 
these  particles  twenty-three  million  miles  from  the  snn  would 
have  the  temperature  of  melting  lead,  and  at  three  and  tbree- 
qnarters  million  miles,  the  temperature  of  uast  iron  (l&oi)"). 

Poynting  then  diacusMes  the  value  of  the  radiation  pressure. 
Bartoli  showed  that  a  pressnre  must  eiist  without  any  theory  in 
regard  to  the  nature  of  light,  beyond  a  supposition  ihat  a  xurfaoe 
can  move  through  the  ether,  doing  work  on  the  radiation  alone, 
and  not  on  the  ether  in  which  the  radiation  exists.  The  moxt 
interesting  part  of  the  paper  is  that  which  deals  with  a  compari- 
son between  mutual  gravitation  and  radiation  presi^urc  of  small 
bodies.  Poynting  calls  attention  to  the  fact,  that  if  the  radia- 
ting body  is  dicniniabed  in  size  the  radiation  pressure  due  to  it 
also  decreases  less  rapidly  than  the  gravitative  pnll  which  it 
exerts.  The  radiation  decreases  as  the  square  of  the  radius  of 
the  emitting  body  and  its  gravitational  pull  as  the  cube.  It  is  also 
noted  that  equality  of  action  and  reaction  does  not  hold  between 
the  radiating  and  receiving  bodies  alone.  The  ether  is  material 
and  takes  its  part  in  the  momentum  relations  of  the  system. 
Two  globes  of  water,  probably  nearly  full  absorbers  at  3011°  A, 
will  at  that  temperature  neither  attract  nor  repel  each  other  if 
their  radii  are  about  20™.  Small  particles  of  the  order  1™ 
radius  would  he  drawn  into  the  sun  even  from  the  distance  of 
the  earth  iu  times  not  large  compared  with  geological  times. 
Kear  the  flun  tlie  effects  are  vastly  greater.  The  applicaiion  to 
meteoric  dust  in  the  system  is  obvious.  The  entire  paper  pleads 
for  an  extension  of  our  idea  of  matter  to  include  the  medium. 
Bodies  do  not  act  upon  each  other  ;  each  sends  out  a  stream  of 
momentum  into  the  medium  surrounding  it.  Some  of  this 
momentum  is  ultimately  intercepted  by  the  other,  and  in  its  pas- 
sage the  momentum  belongs  neither  to  one  body  nor  to  the  olher. 
The  action  on  one  of  the  bodies  is  equal  and  opposite  to  the  reac- 
tion on  the  light-bearing  medium  contiguous  to  it.— PAtY.  Tram, 
of  Roy.  Soc,  Series  A,  vol.  ccii,  jip.  525-552.  j.  t. 

8,  Jiloii<}lot''a  n-rinjii, —  Blo.ndlot  describes  a  new  species  of 
rays  which  he  terms  «-rays.  These  rays  are  given  out  by  the  Auer- 
burner  or  still  better  by  the  Kenist  lamp.     They  penetrate  alnmi- 
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1 :  are  absorbed  by  the  smallest  layer  of  water :  acting  like 
J  heat  waves.  While  they  are  absorbed  by  cold  platinum 
Y  easily  penetrate  red-hot  platinum.  These  n-rays  radiate 
n  the  Nernst  lamp  long  after  this  lamp  is  extinguished,  and 
3a  exposed  to  the  sun's  rays  show  these  rays. 
)r.  O.  LuMMEB  calls  attention  to  the  physiological  effects  on 
retina  produced  by  experiments  similar  to  those  of  Blondlot, 
suggests  that  the  w-rays  are  merely  ghostly  images  produced 
the  structure  of  the  retina  and  its  nerves  by  the  method  of 
ervation  pursued  by  Blondlot.  The  phenomena  observed  by 
latter  appear  to  be  the  result  of  the  struggle  between  the 
8  and  cones  of  the  retina  in  the  effort  to  fix  our  vision  in  the 
k. — Deutsch,  Physikalisch,  Gesellsch,^  v  Jahrg.,  Nr.  23.  j.  t. 
.  The  Rowland  Effect, — The  magnetic  effect  of  electric  convec- 
i  has  been  tested  bv  Wilson,  Adams  and  Pender  and  Eichen- 
d.  In  addition  to  these  mvestigators  is  now  Himstedt,  who 
dishes  a  quantitative  investigation  in  the  hope  of  adding 
lulative  evidence.  One  series  of  trials  gave  for  the  value  of 
he  ratio  of  the  electrostatic  to  the  electromagnetic  units,  3*04; 
I  a  second  series,  2'99.  Himstedt's  experiments,  therefore, 
firm  Rowland's  results. — Ann,  der  Physiky  No.  1,  1904,  pp. 
-123.  J.  T. 

II.    Geology  and  Natural  History. 

.  United  /States  Geolof/ictd  Survey. — The  following  publica- 
is  of  the  U.  S.  Geological  Survey  have  recently  been  received : 
Ponograph  XLV.  The  Vermilion  Iron-Bearing  District  of 
mesota,  by  J.  Morgan  Clements.  447  pp.,  13  pis.,  23  figs., 
atlas  sheets.  This  is  the  fifth  of  the  monographs  published 
the  Survey  which  deal  with  the  geology  of  the  various  iron- 
ducing  districts  of  the  Lake  Superior  region.  The  ore  deposits, 
ich  make  the  region  of  great  interest,  are  strikingly  like  thofte 
the  Marquette  district.  The  ore  bodies  are  usually  found 
ler  at  the  bottom  of  a  highly  folded  chert  or  jasper  formation 
I  resting  upon  an  underlying  igneous  mass  folded  into  a  syn- 
)al  trough,  or  within  the  iron-bearing  formation  and  resting 
)n  intercalated  silts  or  intruded  dikes  of  igneous  rock.  The 
de  of  origin  assigned  to  the  ore  bodies  is  the  same  in  general 
,hat  given  for  the  other  districts,  and  which  has  been  described 
ietail  by  Van  Ilise  in  the  monograph  on  the  Penokee  district. 
The  monograph  is  well  illustrated  and  is  accompanied  by  an 
is  giving  detailed  maps  of  the  area.  A  useful  feature  is  the 
roductory  outline,  which  gives  a  brief  summary  of  the  matter 
ated  in  the  book.  w.  e.  f. 

Bulletin  No.  211.  Stratigraphy  and  Paleontology  of  the 
per  Carboniferous  Rocks  of  the  Kansas  Section,  by  George  I. 
AM8,  George  H.  Girty  and  David  White.  123  pp.,  1903. 
e  area  covered  is  situated  in  Eastern  Kansas,  and  represents 
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exposures  of  a  continuous  series  of  beds  ;  sandstones  and  shales 
and  inlerbedded  limestones,  of  3230  feel  tliicknef^w.  An  erosional 
nnconformity  limits  them  below,  somewhere  in  the  lower  part  of 
the  Upper  Carboniferous,  and  the  uppermost  formations  are 
regarded  as  Permian. 

Forty-seven  distinct  formations  are  recognized,  giving  an  aver- 
age of  about  seventy  feet  to  a  formation.  No  attempt  is  made 
by  the  author  to  form  more  comprehensive  divisions  of  the  whole, 
as  was  done  by  Haworth  and  bv  Prosser,  since  the  eedinientalion 
is  found  to  be  continuous,  oscillating  between  sets  of  dnmiuantly 
calrareoua  beds  and  sets  of  beds  dominantly  shaly,  the  fossiU 
occurring  more  richlv  in  the  limestone  or  calcareous  formation. 
'■  Tlte  evolution  of  the  late»t  from  the  earlteat  faunas,"  is  uid, 
by  Girty,  to  be  '■'without  mar/ced  interruption  at  an}/  point  to 
that  subdivisiona  appropriate  for  recognition  are  not  ckarly 
apparent."  No  classification  of  the  beds  seems  to  be  especially 
favored  by  the  evidenee  of  invertebrate  paleontologr. 

David  While  reports  on  the  Plants  from  the  Kan.oaa  beds 
and  finds  the  majority  of  them  typical  Coai  Measure  (Pennsyl- 
vanian)  species,  while  those  from  the  Marion  and  Wellington 
formations  at  the  top  of  the  section,  identitied  by  Sellarde, 
indicate  Permian  age.  ii.  s.  w. 

Folio  No,  94,  Brownsville-Connellsville  folio,  Pennsylvania, 
by  Mariiis  R,  Campbell.  This  geological  map  and  its  explana- 
tion is  an  admirable  example  of  the  thorough  work  produced  by 
the  Survey.  The  regiou  covered  is  in  southwestem  Pennsylvania, 
in  the  midst  of  ric^  coal  and  gas  tields.  The  survey  b  based 
upon  triangulation  surveys,  and  topography  of  the  surface  as  well 
as  the  underground  structure  are  elaborated  in  detail.  Numerous 
stratigraphic  sections  of  mines  (92  are  figured  and  described)  are 
given  and  the  productive  horizons  of  numerous  gas  wells  deter- 
mined. The  classification  of  tbfi  formations  is  the  usual  one,  with 
the  thickness  for  this  region  as  follows,  viz  : 

?  Permian  Dunkard  300' 

( Monongahela  310-400' 

p,.„.j.v..i„i«?,"x«f        ?»»; 


Mississippia 


I  Mauch  Chunk  150' 

j  Pocono  400' 


The  Pocono  sandstone  is  at  its  top  developed  into  a  siliceous 
limestone.  In  the  midst  of  the  Mauch  Chunk,  the  Greenbriar 
limestone  is  devejoped  as  a  lentil  from  0  to  30  feet  thick,  fossil- 
iferous ;  it  is  shown  to  be  of  Chester  ago.  An  unconformitv  is 
recognized  at  the  base  of  the  Pottsville,  the  lower  member  of 
which  is  believed  to  represent  the  Conoquenessing  sandstone. 
In  the  Conemaugh  formation  a  crinoidal  limestone  (the  Ames 
limestone),  four  feet  thick,  is  seen  below  the  Morganlown  sand- 
stone. 
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The  upper  Coal  Measures  (Monon^ahela)  contains  the  important 
Pittsbure:,  Redstone,  Sewickly,  Uniontown  and  Waynesburg 
coals.  Between  the  Sewickley  and  Uniontown  the  so-called 
"great  limestone"  occurs  to  which  the  name  Benwood  limestone 
is  applied.  Many  productive  gas  wells  are  scattered  over  the 
Brownsville  quadrangle,  statistics  of  which  are  given,     h.  b.  w. 

2.  On  the  Geology  of  the  Hawaiian  Idands ;  by  Wm.  H, 
Dall.  (Communicated.) — In  the  article  by  Dr.  Branner  on  the 
Geology  of  the  Hawaiian  Islands,  in  the  October  number  of  the 
Journal,  he  comes  (pp.  306-309)  to  a  different  conclusion  with 
regard  to  the  calcareous  layers  interstratified  with  the  tuffs  of 
Diamond  Head,  Oahu,  from  that  to  which  I  was  led  in  1899. 
This  difference  is  probably  due  to  the  fact  that  Dr.  Branner  did 
not  see  all  the  area  which  I  examined  and  reasoned  from  certain 
beds  which  he  did  see  and  which  are  doubtless  of  a  different 
nature  from  those  to  which  I  referred. 

I  found  oysters,  Chama^  and  numerous  corals,  fossilized  as 
they  grew,  and  still  adhering  to  the  nearly  horizontal  surface  of 
the  continuous  thin  sheet  of  lava  which  formed  the  basis  of  an 
area  of  very  considerable  extent  entirely  outside  of  the  slope 
of  the  tuff  cone  but  apparently  continuous  under  it.  The  par- 
ticular horizon  which  I  examined  formed  the  top  of  the  ground 
for  a  considerable  distance  inland,  and  the  circumstances  are 
entirely  incompatible  with  the  idea  of  a  subaerial  formation. 
That  there  may  be  subaerial  formations  around  Diamond  Head 
in  some  places  is  highly  probable,  but  that  is  another  story. 

Smithsonian  Institution,  Washington,  D.  C,  Dec.  15,  1903. 

3.  Geological  Commission^  Cape  of  Good  Hope ;  G.  S.  Con- 
BTORPHiNE,  Director.  Annual  Reports,  1900,  1901, 1902. — The  geo- 
logical work  for  1900  was  mainly  in  the  district  west  of  the  Karroo 
plateau.  A  new  formation  (the  "Ibiquas  Series")  is  reported 
lying  between  the  Malmesbury  beds  and  the  Table  Mountain 
sandstone.  Glaciated  pebbles  were  found  in  the  Table  Mountain 
series  (early  Devonian).  The  underlying  unconformity  of  the 
Dwyka  conglomerate  (this  Journal,  xiii,  413)  is  changed  to  con- 
formity at  the  south.  Dolerite  sheets  and  dikes  cut  the  Paleo- 
zoic sediments.  Announcement  is  made  of  the  discovery  of  a 
new  Mesozoic  swimming  reptile. 

Owing  to  the  Transvaal  war,  the  geologists  of  the  Commission 
spent  the  season  of  1901  along  the  southeast  coast  line  making 
a  general  survey  of  Transkei  and  Pondoland  with  special  studies 
of  the  Cretaceous  of  Pondoland  and  of  the  igneous  rocks  (granite, 
diorite,  dolerite)  of  Kentani.  The  map  shows  a  remarkable 
adjustment  of  streams  to  the  diorite.  During  1902  Mr.  E.  H.  L. 
Schwartz  made  a  survey  of  parts  of  the  Matatiele  Division  in 
Griqualand  East.  Perhaps  the  most  interestinpj  part  of  his  work 
is  the  description  of  a  row  of  19  volcanic  necks  trending  north- 
easterly,  from  which  issued  the  lavas  which  form  the  crest  of  the 
I>raken8bergs.  The  cones  and  flows  are  deeply  eroded  or  destroyed 
on  their  east  (wet)  side  but  are  well  preserved  on  their  west  side. 

Ax.  JouB.  Sci. — Fourth  Sebibs,  Vol.  XVII,  No.  98.— Februaby,  1904. 
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"The  fiedimentarv  rocks  through  which  ihe  chimney  ta  pierced 
never  show  the  least  shatlering  or  plication."  A  pelrologicnl 
examinBtioii  of  these  volcanlcs  (pp.  6S-9G)  shows  them  to  he 
doleritesand  basalts.  ThecommoT)  type  is  the  "  amygdaloid  a  I  mel- 
aphyre"  with  long,  narrow  brauchiiig  vesicles  as  tirst  described  by 
Cohen  (Neues  Jahrbnch,  1875).  Mr.  A.  W.  Koqeies  was  appotnie<l 
acting  geologist  in  1902,  and,  in  addition  to  his  official  duties,  sur- 
veyed parts  of  Beaufort  West,  Prince  Albert  and  Sutherland 
DivisionE.  A  clssBiRcation  of  strata  has  been  adopted  for  Capp 
Colony  which  in  outline  is  as  follows  : 

Danes ;  AllUTinm,  Lsterlte, 
SoperficiaJ  Dc'pusltB.  Estarine  aud  Biv«t  Deposit*. 

Pondoland  Cretaoeous  Series 
Uilenhage  Series 
C  Storinberg  Series 
Karroo  System  )   Beaufort  Series 

(Permian  Jurassic  t)  ]    Kcca  Series 

[  T>wyka  Series 

r, o„.. (  Witteberff  Series 

Cape  System  )   Bokkevell  Series 


'     ''^*'    ^° -I  ^  Table  Mountain  Series 

[  Ibiquas  Series 
!  Congo  Series 
Cape  Colony  (  Waltnesbury  Series 

(  Matsap  Series  _ 

Fre-Cape  Rocks  |   Griqua  Series 

In  north  and  northwest  of     \   Campbell  Kand  Series 
Cape  Colony  |   'Kreis  Series 

(  Namaf|ualand  Schists? 
The  vertebrate  fossils  from  these  series  are  now  being  exam- 
ined by  Professor  Seely  ;  the  plants  by  Mr.  Seward;  the  inverte- 
brates   by  Mr.  Lake,  Mr.    Kitchen    and    Mr.  Chapman.     Until 
these  fossils  are  reported  on,  correlation  will  not  be  attempted. 

It  is  to  be  regretted  that  suitable  maps  and  sections  do  not 
accom|>any  these  reports. 

4.  Geological  Society  of  South  Africa  ( Transaction s,  vol 
vi,  parts  I,  2,  4). — The  most  recent  publications  of  the  Geolog- 
ical Society  of  South  Africa  contain  papers  by  E.  P.  Rathbonb 
on  the  Geology  of  the  DeKaap  Goldfields  ;  by  J.  P.  JouNSOif  on 
sections  at  Shark  Iliver  and  the  Creek,  Algoa  Bay  ;  by  G.  S. 
CoRSTORruiiTB  On  the  age  of  the  Central  South  African  Coal- 
field; by  G.  A.  F.  MoLENGRAAFK  on  the  Vredefort  Mountain 
Land.  The  Vredefort  region  consists  of  a  granite  intrusion  with 
zones  of  metamorphosed  sediments.  In  part  4  are  papers  by 
J,  P.  Johnson,  on  the  Discovery  of  I  m  piemen  I- bearing  beds  near 
Johannesburg  in  which  Eolithic,  Palaeolithic  and  Neolithic  forms 
are  described;  by  A.  R.  Sawyer  on  the  Origin  of  the  Slates  on 
the  Rand  and  on  the  Vredefort  Granite  Mass;  by  F.  H,  Hatch 
on  the  Black  Reef  Series ;  by  J.  Kuntz  on  Pscudomorphosis  of 
Quartz  pebbles  into  Calcite. 
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5.  The  Action  of  Radium^  Roentgen  Rays  and  Ultra-  Violet 
Light  upon  Minerals  and  Gems. — An  article  by  G.  F.  Kunz  and 
C.  F.  Baskervillb  upon  this  subject  is  given  in  full  in  the  issue 
of  Science  for  Dec.  18,  1903.  A  number  of  minerals,  including 
diamond,  willemite,  kunzite,  pectolite,  topaz,  iluorite,  autunite, 
etc.,  were  subjected  to  these  different  forms  of  radiation  and  a 
considerable  part  found  to  respond.  Of  these,  willemite,  the 
Tiolet-colored  spodumene  called  kunzite  and  diamond  were  the 
most  responsive  to  all  forms  of  activity ;  the  possibility  of  the 
presence  of  some  undetermined  element  with  the  willemite  (also 
hydrozincite,  etc.)  is  suggested.  In  the  case  of  minerals  from 
Borax  Lake,  California,  of  different  composition  but  which  all 
phosphoresced  with  ultra-violet  light,  though  not  with  radium, 
the  existence  of  an  element  explaining  this  property  is  also  sug- 
gested. The  whole  subject  is  one  calling  for  much  additional 
investigation. 

6.  Optical  Characters  of  Anthophyllite :  a  Correctio7i ;  by 
C.  H,  Warren.  (Communicated.) — The  writer  wishes  to  make 
a  correction  regarding  the  optical  orientation  of  the  anthophyl- 
lite from  Rockport,  Mass.,  described  in  this  Journal,  vol.  xvi, 
November,  1903,  p.  341.  The  orientation  should  be:  c'=c, 
a  =:  a,  d  :=  by  thus  making  the  mineral  optically  negative. 

The  error  was  due  to  the  fact  that  a  quartz  wedge  was  used  in 
making  the  determinations,  which  was  cut  with  the  vibration 
direction  of  fastest  ray  opposite  to  that  of  this  ray  in  the  wedges 
to  which  the  author  had  always  been  accustomed.  Until  very 
recently  no  occasion  had  arisen  to  use  this  particular  wedge  for 
the  determination  of  a  known  mineral  and  so  the  error  remained 
unnoticed. 

7.  Chemical  Composition  of  Igyieous  Rocks  expressed  by 
means  of  Diagrams  ;  by  J.  P.  Iddings.  U.  S.  Geol.  Surv.  Pro- 
fessional Paper,  No.  18,  Washington,  1903,  4°,  92  pp.,  viii  pi. — 
The  author  of  this  paper  was  one  of  the  first  petrographers  to 
express  the  chemical  relationships  of  igneous  magmas,  revealed 
in  their  chemical  analyses,  by  graphic  means.  In  recent  years  we 
have  seen  this  instrument  used  by  different  petrographers  in  a 
variety  of  ways  to  develop  special  features,  but  never  before  has 
it  been  employed  with  so  great  a  breadth  of  scope  and  on  a  plan 
so  comprehensive  as  in  the  present  work.  The  idea  is  to  express 
pictorially  to  the  eye  the  mutual  chemical  relations  of  all  ana- 
lyzed igneous  rocks.  For  this  purpose  a  double  diagram  method 
is  used.  £ach  analysis  has  its  molecular  ratios  calculated  and 
these  are  referred  to  a  system  of  axes,  and  the  points  on  the  axes 
connected  with  each  other  by  lines.  The  triangles  thus  formed 
are  tinted  with  different  colors  and  this  enables  the  eve  at  a 
glance  to  perceive  the  relations  of  the  molecular  oxides  and  their 
capacity  for  forming  feldspathic  and  ferroraagnesian  molecules. 
These  are  the  individual  diagrams.  The  small  individual  dia- 
grams so  formed  are  then  placed  in  a  very  large  diagram  in 
which  their  centers  or  zero  points  are  referred  to  a  set  of  rec- 
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tangiilar  axes  in  whicli  tbe  absoixsas  are  tlie  percentages  of  silica 
and  tie  ordinalos  aro  the  ratios  oblairu'd  by  iliviilJug  tbc  molecu- 
lar proportions  of  thu  combined  alkalies  hv  tbe  molecntar  propor- 
tions of  tbo  silica.  This  point  forms  the  luciis  of  tbe  small 
diagram. 

In  the  first  table  are  given  tbe  small  colored  diagrams  of  over 
860  analyses  of  igneous  rocks  baying  over  88  per  cent  of  silica, 
selected  to  show  all  possible  variations.  The  table  is  cotilinubd 
and  completed  in  plate  viii,  which  shows  the  rocks  with  lees  than 
2B  per  cent  of  silica.  In  another  table  arc  shown  the  tooi  of  the 
alkali-silica  ratios  of  over  2000  analyses  ;  in  this  case  the  indi- 
vidual diafrrams  are  omitled  and  lite  loci  shown  by  simple  dote. 
In  other  plates  are  shown  the  lUagrams  of  analyses,  disposed  as 
in  plates  i  and  viii,  divided  and  arranged  according  to  the  new 

Jiiantitative  chemical  classification  recently  proposed  by  Cross, 
ddings,  PirsBon  and  Washington. 
There  are  many  interesting  and  instructive  features  shown  by 
these  diagrams  which  must  be  seen  to  be  appreciated.  Perhaps 
the  most  convincing  thing  they  prove  is  tbe  impossibility  of  any 
"natural"  classification  of  igneous  rocks  and  that  any  division 
lines  must  of  necessity  be  wholly  arbitrary  ones. 

The  work  is  certainly  a  tribute  to  the  patience  and  industry  of 
the  author,  a  reflection  that  is  forced  home  when  one  thinks  of 
the  vast  number  of  analyses  that  have  been  computed  and  care- 
fully ari'auged  in  those  diagrams.  Whatever  evidence  they  pre- 
\  certainly  does  not  lack  weight  for  want  of  facts  to  sustain 

8.  P«trographische8  I'rakticum ;  von  R.  Rheiniscii.  Partll, 
Gesteine.  Pp.  180,  8°.  Berlin,  1904  (Gcbr.  Borntraeger).— The 
first  part  of  this  work  has  been  previously  noticed  in  this  Journal 
(vol.  xiii,p.243,  lfl02).  Theobject  of  this  elementary  treatise  isto 
afford  help  to  tbe  beginner  in  tbe  study  of  rocks ;  it  is  not 
intended  as  a  complete  text-book  and  its  use  demands  some  previ- 
ous acquaintance  with  tbe  elements  of  the  science.  The  igneous 
rocks,  the  sedimentary  rocks  and  the  crystalline  schists  are  briefly 
treated.  The  "dike  rocks"  are  not  assigned  a  separate  position 
but  are  mentioned  under  the  abyssal  granular  types.  The  sys- 
tem of  classification  followed  is  essentially  that  of  Zirket.  Each 
rock  is  briefly  described,  its  mineral  composition  mentioned,  a 
few  mass  analyses  given  and  the  more  important  localities,  espe- 
cially the  German  ones,  stated.  The  liook  is  well  gotten  up  and 
ap])ears  carefully  written  and  will  no  doubt  prove  useful  in  Ger- 
manic countries.  The  thought  that  strikes  one  in  connection 
with  it  is,  that  since  a  knowledge  of  (he  subject  and  the  use  of 
the  microscope  are  implied,  why  not  use  one  of  the  larger  text- 
books at  once  in  which  all  phasCK  of  the  subject  are  covered  and 

-  9.  Lvs  Roches  (ilcilines  cur'ie/nri.'mtt.  In  J'roeince  pitroyra- 
phique  <rA/"/iii!<i/i(iiira ;  par  A.  Latroix.  Nouv.  Archiv,  du 
Museum,    4    ser.,    v,    4°,    |)p.    171-254,   pi.    14,    1903.— It  will   be 
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recalled  that  some  time  since  Professor  Lacroix  published  an 
important  memoir  upon  an  interesting  series  of  alkaline  rocks 
from  the  northwest  coast  of  Madagascar  as  noticed  in  this 
Journal,  vol.  xiv,  page  396,  1902.  In  the  present  work  a  new 
series  of  similar  rocks  from  other  localities  in  the  same  province 
is  described  with  analyses  by  Pisani,  syenites,  f oyaites,  tinguaites, 
monzonites,  etc.,  which  thus  extend  the  limits  of  this  petrographic 
province  in  a  most  interesting  way.  l.  v.  p. 

10.  Notes  071  the  Rocks  of  Nugsuaks  JPen insula  and  its  JEnvi- 
rons,  Greenland ;  by  W.  C.  Phalen.  Smithson.  Misc.  Coll. 
Quart.  Issue,  vol.  xlv,  pp.  183-212,  1904. — A  petrographic  descrip- 
tion accompanied  by  analyses  of  rocks  collected  in  1897  by  Messrs. 
Schuchert  and  White.  The  rocks  are  mostly  granular  crystal- 
lines, granite,  syenite,  diorite,  etp.,  and  there  is  a  complete  descrip- 
tion of  the  iron-bearing  basalt.  The  work  is  carefully  done  and 
adds  to  our  knowledge  of  the  petrography  of  the  northern  lands. 

L.  v.  p. 

11.  Monograph  of  the  Coccldce  of  the  British  Isles  ;  by  Robert 
Newstead.  Volume  I,  1901  ;  pp.  xii-f-220;  text  figures  20;  39 
plates.  Volume  II,  190H  ;  pp.  270;  text  figures  7;  42  plates. 
London  (printed  from  ihe  Ray  Society). — The  second  and  final 
volume  of  Mr.  Newstead's  careful  and  very  praiseworthy  mono- 
graph of  the  British  scale  insects  has  just  been  published.  The 
entomological  monographs  published  by  the  Ray  Society  have  not 
alwavs  been  of  the  first  rank,  but  this  one  of  Mr.  Newstead's 
deserves  very  great  praise.  Many  of  these  Ray  Society  mono- 
graphs have  been  devoted  to  the  consideration  of  the  fauna  of 
the  British  Isles,  and  from  its  title  this  would  seem  to  be  of 
equally  limited  scope.  As  a  matter  of  fact,  the  author  has  only 
included  species  which  have  actually  been  found  living  in  Great 
Britain  and  Ireland,  but  with  the  Coccida)  the  conditions  are  such 
that  a  far  more  general  interest  attaches  to  this  monograph  than 
any  of  the  others  which  have  been  geographically  so  limited. 
Perhaps  the  majority  of  the  Coccidte  of  the  world  have,  through 
the  constant  interchange  of  plants,  become  practically  cosmo- 
politan. It  is  difficult  with  the  majority  of  species  at  this  late 
date  to  decide  the  probable  original  home.  The  result  is  that  by 
far  the  larger  number  of  species  treated  by  Mr.  Newstead  have 
been  introduced  into  Great  Britain,  and  have  established  them- 
selves there.  To  illustrate  the  interest  which  American  investi- 
gators will  have  in  this  monograph,  of  the  thirty-six  specries  of 
Diaspina?  treated  in  volume  i,  thirty  occur  also  in  the  United 
States,  and,  of  the  remaining  six,  three  have  been  found  only 
in  greenhouses  in  Great  Britain  and  are  probably  species  intro- 
duced from  some  other  part  of  the  world.  Compared  witli  the 
world  fauna  in  the  Coccidae,  however,  the  number  of  species 
treated  in  the  monograph  is,  of  course,  small,  and  hence  some  of 
the  generalizations  made  by  the  author  as  to  generic  distinctions 
and  those  of  higher  groups  will  possibly  be  open  to  criticism 
when  larger  series  are  studied.  It  seems  to  the  writer,  for  example, 
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that  an  error  has  been  made  in  confuMtng  the  npecies  of  the  Ime 
gcnpra  Dinspis  and  Aiilacjta|)i»,  since  the  arrangement  of  the 
dorsal  tubular  ^pinnereta  in  the  female  hae  been  used  as  the  strik- 
ing character  with  these  and  some  allied  genera,  rather  than  the 
more  important  BtrnctHrnI  character  in  tics  of  the  anal  plates. 
Some  day  I  fear  there  will  be  a  general  nntwiating  of  Mr.  New 
stead'it  assignment  of  the  speciet  of  this  genera. 

An  imporiAnt  contribution  to  the  literature  of  the  niui-lt-dis- 
cnssed  male  of  Leeamiun  he»p«ridvm  occurs  in  volume  ii,  and 
Mr.  Newstead  describes  the  second  stage  and  the  puparium  of 
what  is  undoubtedly  the  true  male  of  this  species.  He  indic-ates 
that  the  male,  as  wa«  quite  to  be  expected,  belongs  to  the  true 
Lecanium  type,  and  that  the  alleged  discovery  by  Moniei;  had 
probably  reference  to  one  of  the  Clialoidid  parasites  which  uni- 
versally  infest  fumales  of  this  species. 

The  many  ittnstralions,  and  especially  those  upon  the  plates, 
all  done  by  Mr.  Newstead  himself,  are  better  done  than  any 
figures  of  OoccidtP  which  have  heretofore  been  published. 

The  revised  nomenclature  of  the  Coceidie,  as  displayed  by  Mrs. 
Fernald  in  her  Catalogue  of  the  Coucide  of  the  World,  and  whieb 
must  probably  he  accepted,  is  not  followed  in  the  tost  proper,  but 
in  an  appendix  to  volume  ii  it  receives  proper  recognition. 

L.  O.  HOWABD. 

12.  Cataloffiie  of  the  J^pidoptera  PhalasncB  in  the  Britigh 
Mtiseiim,  Vol.  IV.  Catalogue  of  the  Noctuidte;  by  Sir  Gkorsk 
F.  Hampsow.  Pp.  XX,  689,  with  an  accompanying' part  i-ontain- 
intc  plates  Iv-lxxvii.  London,  lBii3.— The  insiie  of  I'iirt  IV  ..f  ilie 
British  Museum  Catalogue  of  Moths  will  be  welcomed  by  all 
interested  in  this  subject.  It  contains  descriptions  of  soiDe  1200 
species  of  the  Agrotime,  the  first  of  the  fifteen  sub-families  of  the 
Nocluidte.  The  plaies,  reproduced  by  trichromatic  photography, 
are  very  beautiful  and  show  the  perfection  to  which  the  process 
has  been  brought. 

13.  Oenernl  Zonloffi/  ;  by  C.  W.  Doi>ge.  482  pp  ,  37fl  figs. 
{American  Book  Company.) — Professor  Dodge  has  revised  and 
re-arranged  "  Orion's  Comparative  Zoology"  in  a  way  which  is 
highly  satisfactory  to  the  teacher  and  to  the  general  student. 

in.    Miscellaneous  Scientific  Intelligence. 

1.  American  Assoeifittoti.  —  The  fifty-third  meeting  of  the 
American  Association  for  the  Advancement  of  Science  was  held 
at  Si.  Louis  during  the  week  from  December  2G,  11)03,  to.Ianuary 
1,  1904.  Dr.  Carroll  D.  Wright  was  President  of  the  meeting. 
The  address  of  the  retiring  president,  Dr.  Ira  Remseti,  was 
delivered  on  December  ■.'8lh,  on  the  subject  "  Scientific  Investiga- 
tion and  Progress."  This  address  is  given  in  the  issue  of  Science 
for  January  1  and  the  following  numbers  of  the  same  periodical 
give  a  full  account  of  the  proceeilings.  Affiliated  societies  to 
the  number  of  twenty-one  hold  meetings  in  conjunction  with  the 
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Association.  The  total  attendance,  including  81  in  the  societies, 
was  466.  The  new  policy  of  holding  winter  meetingn,  with  its 
obvious  advantages  and  disadvantages,  was  upheld  and  the  next 
meeting  appointed  for  Philadelphia,  beginning  Tuesday,  Dec.  27, 
1904.  New  Orleans  was  recommended  for  the  meeting  two  years 
hence.  The  following  officers  were  elected  for  the  Philadelphia 
meeting  : 

President:  W.  G.  Farlow, Cambridge,  Mass.  Vice-Presidents: 
Section  A,  Alexander  Ziwet,  Ann  Arbor,  Mich.  ;  Section  B,  W. 
F.  Magie,  Princeton,  N,  J.  ;  Section  C,  L.  P.  Kinnicutt,  Worces- 
ter, Mass.  ;  Section  D,  D.  S.  Jacobus,  Hoboken,  N.  J.  ;  Section 
E,  E.  A.  Smith,  University  of  Alabama ;  Section  F,  C.  Hart 
Merriam,  Washington,  D.  C. ;  Section  G,  B.  L.  Robinson,  Cam- 
bridge, Mass.  ;  Section  H,  Walter  Hou^h,  Washington,  D.  C: 
Section  1,  M.  A.  Knapp,  Washington,  D.  C.  ;  Section  K,  H.  P. 
Bowditch  of' Boston.  General  Secretary^  Charles  S.  Howe,  Cleve- 
land, Ohio.  Secretary  of  the  Council,  (J.  A.  Waldo,  Lafayette, 
Indiana. 

2.  Carnegie  Institution  of  Washington^  Year  Book,  No.  2, 
1903.  Pp.  lix,  311.  Washington,  January,  1904  (published  by 
the  Institution). — This  second  volume  from  the  trustees  of  the 
Carnegie  Institution  will  be  widely  welcomed  since  all  the  facts  in 
regard  to  the  administration  of  this  fund  cannot  but  be  of  great 
interest  to  every  one  concerned  with  the  progress  of  scientific 
research  of  the  country.  It  is  a  matter  of  general  congratula- 
tion that  this  unique  work  has  been  initiated  and  thus  far  carried 
on  with  so  much  liberality  and  wisdom.-  The  opening  part  of  the 
volume  (pp.  i-lix)  contains  administrative  matters  including  the 
minutes  of  the  Board  of  Trustees,  the  Report  of  the  Executive 
Committee  on  the  work  of  the  year  and  memorials  of  Abram  S. 
Hewitt,  William  E.  Dodge  and  Marcus  Baker.  Following  this 
are  a  series  of  seven  papers  including  reports  on  southern  and 
solar  observatories,  reports  relating  to  geophysics,  original 
memoirs  in  several  departments. 

The  list  given  of  the  grants,  aggregating  nearly  sixty,  made 
during  the  year  out  of  the  sum  of  $200,000  set  apart  by  the 
Trustees  at  its  last  annual  meeting,  shows  the  wide  range  of 
scientific  inquiry  aided  by  the  Carnegie  Institution ;  with  each 
statement  a  brief  account  of  the  results  thus  far  obtained  is 
included.  It  is  interesting  to  note  that  the  demand  upon  the 
funds  of  the  Institution  is  much  greater  than  it  can  meet ;  thus  it 
is  stated  that  from  the  beginning  until  Oct.  31,  1903,  the  total  num- 
ber of  requests  for  aid  was  1,042  and  these  called  for  an  expendi- 
ture of  ♦2,200,398.  To  this  sum  are  to  be  added  the  grants 
recommended  by  the  Advisory  Committee  aggregating  $911,500, 
thus  giving  a  total  possible  expenditure  of  |;3,1 1 1,898.  Although 
but  a  small  part  of  the  demands  for  assistance  in  research  can  be 
favorably  acted  upon,  the  total  amount  of  good  that  may  be 
expected  from  the  money  actually  paid  out  is  very  large  indeed. 

3.  Physikalisch-chemisches  Centralblatt. — The  first  number  of 
the  Physico-chemical  Review,  announced  on  p.  475  of  the  last 
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volume,  bag  recently  been  ieeued  under  dnte  of  December  15, 
IflOa.  It  contains  tbirty-two  pages  and  gives  seventy -nine 
abstracts,  of  physical  and  clieraical  jiapers,  in  German,  French  or 
English,  according  to  their  original  source.  It  is  mach  to  he 
hoped  that  this  new  review  may  meet  with  the  general  coopera- 
tion and  support  which  it  deserves. 

4.  A  Uescriptioii  of  the  Jiraitia  and  Spinal  Cords  of  Ttro 
Urothetrs  dead  of  Ilereditary  Ataxia  ;  by  Lkweli.ys  F.  Babkeb. 
The  Decennial  Publications  of  the  University  of  Chicago,  First 
Series.  Vol.  X,  38  pp.,  4to,  with  twelve  plates.  Chicago,  1903. 
{The  ITniversity  of  Chicago  Press.) — This  memoir  givea  the  results 
of  an  examination,  in  part  microscopic,  of  the  brains  and  eiiinal 
cords  of  two  brothers,  who  died  of  hereditary  ataxia.  These 
were  cases  XVIII  and  XX  of  the  Series  in  the  family  described 
by  Dr.  Sanger  Brown,  who  gives  here  a  clinical  introduction. 
Twelve  plates  with  foity-six  tigurea  follow  the  text 

5.  Field  Columbian  Miraetim.  —  Publications  79,  80  of  the 
Zoological  Series,  Vol.  Ill,  Nos.  12,  13,  have  recently  been 
iBsued.  The  former,  pp.  199-232,  contains  a  list  of  mammaU 
collected  by  Edmund  Heller  in  Lower  California,  with  descrip- 
tions of  apparently  new  species.  The  latter,  pp.  233-237,  gives 
descriptions  of  apparently  new  species  of  Heteromya  a.aA  vraiit 
from  Washington  and  Mexico.     Both  papers  are  by  D.  G.  Elliot. 

6.  TAe  Planetari/  Hyfem  ;  by  F.  B.  Taylor.  369  pp.  Pul)- 
lisfaed  by  the  author.  Fort  Wayne,  Indiana. — If  Newton's  solu- 
tion of  the  problem  of  three  bodies  were  correct  it  ought  to  yield 
a  general  law  for  the  siability  of  inner  satellites.  His  analysis. 
however,  shows  only  indeterminate  stability.  The  theory  pre- 
sented by  Mr.  Taylor  is  claimed  to  yield  a  law  of  determined 
Stability  of  satellites  and  hence  a  logical  theory  for  the  stracture 
and  growth  of  the  solar  system. 

7.  Metallic  Ornaments  of  the  New  York  Indians;  bv  W.  M. 
BEAUCHAMr.  Pp.  120,  Albanv,  1903.  (New  York  State  Museum, 
F.  J.  H.  Merrill,  Direcior  :  Bulletin  73,  Archteology  6  ;  Bulletin 
305  of  tbe  University  of  the  Stale  of  New  York.)— The  number 
and  diversity  of  Indian  ornaments  here  described  will  surprise 
and  interest  the  reader  not  previously  informed  on  the  subject. 
Upwards  of  four  hundred  figures  on  thirty-seven  plates  are 
required  for  adequate  illustration. 

8.  Queries  in  Ethnography;  by  A.  G.  Keller.  70  pp. 
(Longmans,  Green  &  Co.) — ProfcRsor  Keller  has  prepared  an 
admirable  list  of  queries  by  use  of  which  observations  of  travelers 
and  missionaries  may  be  made  with  such  accuracy  and  perti- 
nency as  to  be  of  definite  scientific  value. 

Knowledge  Diary  and  Selratifie  Handfiook  for  190i,  containing  origiiul 
deecriptive  flrtieles  on  the  camera  applied  to  sciente  in  Aatronomy,  Mibro- 
Bcoi>j,  Natural  History  ;  ]>ractical  work  with  a  small  t«1escope  ;  aome  nsesof 
tbe  inicrosfope  ;  praeticul  meteorology  ;  the  optical  constants  of  lens  combj- 
nations,  and  Monthly  Astronomical  Ephemeris.  etc.  Pp.  1-430,  SEt-lOS. 
iHsned  in  coujnnction  with  "  Knowledge."  London  (Knowledge  Office,  33$ 
High  Holborn). 
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Art.  XIII. — The  Geology  of  the  North  End  of  the  Teutonic 
Range;  by  T.  Nelron  Dale.*    (With  Plate  XI.) 

The  Taconic  range  lies  west  of  the  Green  Mountain  range, 
and  extends  from  near  Fishkill  on  the  Hudson,  N.N.E.,  to  a 
point  two  miles  south  of  Brandon  in  Rutland  County,  Vt., 
where,  geologically  speaking,  it  ends.  It  consists  mainly  of 
schists  of  Ordovician  (Hudson)  age,  but  as  its  northern  part  is 
more  or  less  merged  in  a  hilly  belt  of  Cambrian  slate  and  quartz- 
ite,  flanking  it  on  the  west  and  extending  four  miles  beyond  it, 
the  range  may  be  said,  physiographically  at  least,  to  extend  almost 
to  the  Addison-Rutland  County  line  and  thus  to  have  a  total 
length  of  200  miles. 

ft  the  published  geological  maps  the  north  end  of  this  range 
has  been  variously  represented  :  (1)  As  consisting  of  a  narrow 
tongue  of  Cambrian  slate  extending  as  far  north  as  Cornwall, 
bordered  on  both  sides  by  the  schist  of  the  Taconic  range,  which 
extends  only  to  Sudbury  village  on  the  west  and  to  a  point 
S.W.  of  Brandon  village  on  the  east.f 

(2)  Of  similar  constitution  but  cut  off  between  Whiting  and 
Sndbury  by  a  narrow  strip  of  limestone  connecting  the  lime- 
stone of  the  Vermont  Valley  with  that  of  Orwell. J 

(3)  Of  a  simple  belt  of  Cambrian  shale,  etc.,  extending  as  far 
north  as  Weybridge.§ 

•PubUshed  by  permiBsion  of  the  Director  of  the  U.   S.  Geoloj?ical  Survey. 

+  Hitchcock  and  Hager :  Report  of  the  Geology  of  Vermont,  vol.  ii,  pi.  i, 
1861. 

X  Dana  (James  D.) :  An  account  of  the  discoveries  in  Vermont  Geology  of 
the  Rev.  Aognstiis  Wing,  this  Journal,  vol.  xiii,  1877.  Map  opposite  p.  334 
but  modified  by  explanations  on  pp.  336,  339.  and  embodied  in  another  map  in 
vol.  xiv,  f).  86,  in  paper  by  same  anthor  entitled :  Supplement  to  the  account 
of  the  discoveries  in  Vermont  Geology  of  the  Rev.  Augustus  Wing. 

A  copy  of  Mr.  Wing's  original  MSS,  kindly  loaned  to  the  anthor  of  the  pres- 
ent paper  by  Prof.  H.  M.  Seely  of  Middlebury,  contains  a  sketch  map  show- 
ins  the  topographie  details  of  this  E.-W.  strip  of  limestone. 

g  Walcott  (Charles  D*.) :  The  Taconic  System  of  Emmons,  and  the  use  of  the 
name  Taconic  in  Qeologic  nomenclature ;  this  Journal,  vol.  xxxv,  pi.  iii,  1888. 

Am.  Joub.  Sci.— Foubth  Series,  Vol.  XVII,  Xo.  99.— March,  1904. 
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The  north  cud  of  the  Taconic  ranpe  is  an  iRi|KirtBnC  lor^htjr, 
for  the  principal  formations  of  the  Taconic  reffion,  the  Caui- 
briau  eltite  etc.,  the  Stockbridge  Limestone  of  the  valleys,  and 
the  Ordoviciftn  echist&of  theTacouic  rauge,  all  meet  there  within 
All  area  of  a  few  ec{tuirG  milee.  The  topographic  map  of  the 
Brandon  quadrangle,  recently  finished  by  the  U.  S.  Geolugii^l 
Survey,  has  at  last  made  careful  exploration  of  this  key  locality 
possible;  and  the  results  amply  justify  the  oninion  that  careful 
geolo^cal  mapping  with  a  reliable  topograpnic  base  ie  the  only 
metliod  of  settHng  intricate  geological  problems,  and  that  this 
mapping  should  cover  large  areas,  not  only  to  prevent  the  over- 
louKiTig  of  such  crucial  localities  but  also  to  show  the  widene^s 
of  their  significance. 

The  writer  and  his  asc-istants,  Messrs.  Louis  M.  Frindle  and 
Fred  H.  Moffit,  were  engaged  from  189+  to  189fl  in  going  over 
and  oxtending  Mr.  Charles  D.  Walcott's  rcconnniBsance  work  in 
the  Slate  belt  of  Washington  County,  N,  Y.,  and  Rutland  County, 
\i.  Tlie  results  were  published  in  1899  accompanied  by  a 
geological  map  extending  from  lat,  43°  to  +3°  45',  and  covering 
a  («trip  from  10  to  12  miles  wide  along  the  west  eide  of  the 
Taconic  range,  covering  in  all  almut  72U  square  miles.*  The 
fact  was  there  brought  out  by  Mr.  Waicott's  paleontological 
data  and  corroborated  by  our  stratigraphical  observations,f  that 
in  that  region  along  many  miles  of  intricate  geological  bonnd- 
aries,  where  faulting  is  out  of  the  question,  the  Lower  Cambrian 
slates,  with  theirOlcncllus  fauna,  occur  iu  apparently  conform- 
able contact  with  the  Ordovician  slates,  shales,  etc.,  containing 
Hudson  Graptolites.  Similarly,  the  Ordovician  schists  of  the 
Taconie  range  were  found  to  be  in  contact  on  the  west  with 
Lower  Cambrian  slates  along  a  stretch  of  50  miles  south  of  the 
township  of  Sudbury,  and  at  only  two  points  (Hubhardton)  was 
there  any  marked  divergence  in  the  strike  of  the  two  forma- 
tions. This  involved  the  anomalous  absence  of  the  Stockbridge 
Limestone  along  the  west  foot  of  that  range,  whereas  on  the  east 
side  of  it  the  upper  part  of  this  formation  (of  Chazy  and  Trenton 
age)  dips  everywhere  conformably  under  the  overlying  schists 
of  the  Iludson. 

During  the  summer  of  1903,  the  north  end  of  the  Taconic  range 
and  the  adjacent  country  were  somewhat  carefully,  although 
not  exhaustively,  explored  by  the  writer  assisted  by  his  son. 
The  exposures  were  found  to  be  sufficiently  numerous  to  show 
the  mutual  relations  of  the  several  formations,  and  the  results 

•The  SlHte  belt  of  Eastern  New  J'ork  and  Western  Vermont.'by  T.  Nelson 
Daie,  Iflth  Auii.  Rept.  U.  S.  Gml.  Survey,  l»88.  Purl  III,  pp.  158-307.  Map, 
pi.  xiii.     Bevipwed  iu  this  Jonrnfli.  vol.'elix,  p.  382. 

f  ^L'tiibid.,  |)1.  xiii  nnd  pp.  290-21)5,  on  t)i«  reUtiou  of  Cambrian  and  Otdofi- 
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are  shown  in  the  accompanying  map  and  section,  Plate  XI.* 
The  map  shows  a  central  tongue  of  Cambrian  slate,  quartzite, 
etc.,  bordered  both  on  the  east  and  west  by  narrow  strips  of 
Ordovician  schist  or  slate,  and,  in  its  southern  and  eastern  side, 
adjacent  to  a  larger  mass  of  Ordovician  schist,  two  miles  wide, 
which  constitutes  the  north  end  of  the  Taconic  range  proper. 
This  tongue  of  Cambrian  is  bordered  on  the  north  and  at  sev- 
eral points  on  the  sides  by  the  Stockbridge  Limestone.  The 
mass  of  Ordovician  schists,  shown  at  the  upper  edge  of  the  map, 
which  continues,  with  a  possible  interruption  east  of  West  Corn- 
wall, 12  miles  north  to  Middlebury  and  even  beyond,  is  cut  oflF, 
as  was  first  shown  by  Wing,  from  the  slate  and  schist  on  the 
south  by  the  Stockbridge  Limestone,  and  is  not  even  indirectly 
connected,  as  one  of  his  maps  showed,  with  the  Ordovician 
schists  of  the  Taconic  range.  The  Ordovician  part  of  the 
Stockbridge  Limestone,  as  shown  by  fossil  localities,  touches  tlie 
Cambrian  slates  on  three  sides.  The  Cambrian  partf  of  that 
formation,  not  indicated  on  the  map,  crops  out  near  Brandon 
village,  and  extends  north  and  east  of  it,  forming  a  longitudinal 
belt  between  the  Lower  Cambrian  quartzite  (Vermont  Forma- 
tion) of  the  Green  Mountain  range  on  the  east,  and  the  Ordovi- 
cian part  of  the  Stockbridge  Limestone  on  the  west. 

The  determination  of  the  age  of  the  slates  and  schists  of  the 
north  end  of  the  Taconic  range  is  based  upon  the  following 
evidence :  The  Lower  Cambrian  age  of  the  central  slate  mass 
in  Sudbury  is  shown  by  the  occurrence  at  intervals,  as  far  north 
as  the  northern  slope  of  Government  Hill,  a  mile  east  of  Sud- 
bury Church,  of  a  slightly  ferruginous,  calcareous,  quartz  sand- 
stone, typical  of  that  formation  in  Washington  County,  N.  Y.  ;:|: 
by  the  fact  that  typical  Lower  Cambrian  roofing  slates  are  being 

auarried  a  half  mile  north  of  Stiles  Mountain  in  Sudbury  ;§  by 
le  presence  of  six  localities  of  Lower  Cambrian  fossils  in  the 
same  belt  within  two  and  one-half  miles  south  of  the  southern  edge 
of  the  area  shown  on  the  map ;  by  the  general  petrographic  char- 
ter ^massive  quartzite,  quartzose  slates,  greenish  and  purplish 
roofing  slates,  calcareous  sandstone)  of  a  large  part  of  the  area  des- 
ignated as  Cambrian.  In  places,  however,  petrographic  distinc- 
tions fail,  as  the  slates  become  schistose  and  resemble  the  Ordovi- 
cian schist.  The  Ordovician  age  of  the  schist  and  slate  masses  bor- 
dering the  Cambrian  (Sh  on  map)  is  shown  by  the  presence  of 
red  roofing  slates,  typical  of  the  Hudson,!  a  mile  S.S.E.  of  Hyde 

*  As  to  this  map  :  those  parts  of  the  geological  boundaries  which  are  more 
or  leas  nncerfain  are  shown  in  dotted  lines  to  distinguish  them  from  those 
which  are  well  established  and  indicated  in  f  nU  lines.  The  round  black  dot 
a  half  mUe  E.S.E.  of  Hyde  Manor  represents  what  seems  to  be  an  outlier  of 
Ordovician  limestone,  about  70  x  40  ft.  across,  resting  npon  the  Cambrian  slates. 
Whether  this  Cambrian  includes  some  Beekmantown  is  not  yet  determined. 
Horizon  £  of  the  slate  belt.  Op.  cit.  table  facing  p.  178. 
^Liocality  shown  on  map  by  crossed  hammers. 
I  Horizon  Irs  of  Slate  belt.     Op.  cit.  table  facing  p.  178. 
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Manor,  aud  three- liftlis  of  a  roile  E  S.E.  of  Sudhurif  Churcli, 
and  again,  apparently,  in  a  badiv  weathei-ed  <:ondition,  one  and 
one-fourth  mile  E.N.E.  of  Huif  pond  on  tlie  eaet.  side  of  tlie  Cam- 
brian belt ;  by  the  presence  of  typical  schists  of  tbe  Taconic 
range  at  the  most  nortbern  eummit  of  that  range,  three  miles 
S.S7W.  of  Brandon  village  (elevation  1295  ft.);  by  indications 
of  Orduvician  fossils  (Crinoid  stems,  etc.)  in  a  small  mass  of 
included  limestone,  a  mile  N.N. W.  of  that  bill;*  and  by  the 
presence  of  arapbitic  eericile  schist,  so  common  at  the  biwe  of 
that  schist  formation  in  Vermont  and  MasBachusott^,  in  the 
small  strip  N.E.  of  Hincnm  pond.  These  age  determinations 
are  furthermore  corroborated  by  a  dominant,  thongli  not 
universal,  N.E.  strike  in  the  Cambrian  slates,  and  an  almost 
eignally  prevalent  N.  or  N.15W.  or  N.N.W,  strike  in  the 
Ordovician  schists  and  in  the  underlying  limestone. 

The  structural  relations  of  the  formations  are  shown  by  sym- 
bols on  the  map  and  by  the  section  above  it,  Plate  XI.  It  will  be 
noticed  that  the  imrallclism  between  the  strike  of  the  Cambrian 
and  Ordovician,  already  referred  to  as  characteristic  of  the  slate 
belt  to  tbe  south,  still  persists  on  the  west  side  of  the  Cambrian 
slates  near  Horton  ana  Burr  ponds;  but  within  a  mile  of  Hyde 
Manor  a  marked  divergence  begins  to  apj>ear,  tbe  Cambrian 
striking  more  or  less  N.E.,  the  Ordovician  N.15-25W.;f  and  this 
continues  to  tbe  extreme  N.  end  of  tbe  mass.  The  prevalent  strike 
of  all  thereat  of  the  Cambrian  area  is  alum  t  N.E.:  i-\ccptional!y, 
however,  as  east  of  Huff  pond,  j.Kissilil\-  nwiriji;  tu  a  niiiiin-  ))ilfli- 
ing  fold  or  a  small  fault,  a  few  N.W,  strikes  appear,  and  there 
may  be  others.  The  Ordovician  schists  of  the  east  side  of  the 
Cambrian  tongue  are  likewise  marked  by  a  N.15-25W.  strike. 
This,  indeed,  is  the  trend  aTid  strike  of  the  Taconic  range 
as  far  south  as  West  Rutland,  eleven  miles  from  the  south  edge  of 
tbe  map.  A  similar  strike  also  appears  in  tbe  limestone 
of  the  valley  towards  Brandon,  Bnt  to  this  N.N.W.  strike  of 
the  Ordovician  there  is  also  an  exception,  for  the  schists  of  tbe 
west  side  of  the  schist  mass  E.  and  N.E.  of  Stiles  Mountain 
strike  N.E.  and  a  similar  strike  appears  at  several  points  in  the 
limestone  embayment  ea.st  of  the  Cambrian.  The  cause  of  these 
N.E.  strikes  in  the  Ordovician  is  not  apparent,  unless  it  be  a 
system  of  transverse  folds  like  that  occurring  on  the  north  end 
of  Mount  Anthiiny  in  Eenningt<m.  A  mile  N.E.  of  the  Cam- 
brian point  the  limestoneresumes  the  normal  strike  of  the  Green 
Mountain  region,  and  this  recurs  again  at  Leicester  Junction, 
two  miles  nortJi  of  the  map.  To  all  this  should  be  added  that 
the  Cambrian  slates  have  here  and  tliere  a  secondary  cleavage 
foliation,  striking  N.lii W.,  i.  e.  parallel  to  tbe  strike  of  the  bed- 
ding of  the  Oi-dovieian  schist, 
•Locality  marked  F  on  niap.  -f  Exceptionally  also  N. — N.15E1. 
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The  section  is  drawn  so  as  to  cross  contacts  where  the  uncon- 
formity is  manifest  but  owing  to  insufficiency  of  data,  the 
folds  represented  in  the  Cambrian  portion  away  from  the  con- 
tacts are  largely  hypothetical.  The  straightness  of  the  Cambro- 
Ordovician  boundary  on  the  west  side  may  be  the  result  of  fault- 
ing ;  bnt  as  the  unconformity  is  quite  as  great  at  several  points  on 
the  east  side,  where  faulting  is  improbable,  and  as  N.E.  strikes 
are  quite  as  characteristic  of  the  center  as  of  the  sides  of  the 
Cambrian  tongue,  it  is  evident  that  faultnig  is  not  the  cause  of 
the  unconformity.  If  it  exists,  it  is  between  rocks  which  were 
already  unconformable.  Such  a  fault  would  have  to  be  a 
reversed  one  and  would  hade  to  the  east,  bringing  the  Cambrian 
beds  to  overlie  the  Ordovician  ones.  The  section  has  been 
constructed  to  show  the  relations  without  the  faulting,  although 
such  faulting  is  regarded  as  quite  possible.  That  the  limestone 
once  covered  at  least  the  western  border  of  the  Cambrian,  is 
probable  from  the  presence  of  the  small  outlier  in  the  Hyde 
Manor  Golf  grounds,  already  referred  to  and  shown  in  the 
section.  This  limestone  strikes  N.IOE.,  as  does  also  the  nearest 
Ordovician  limestone  east  of  it,  but  the  Cambrian  slate  about  it 
strikes  N.40E. 

The  interpretation  of  the  facts  set  forth  in  the  map  and  sec- 
tion is  this :  The  Lower  Cambrian  slate  formation,  which  is  now 
regarded  as  the  off-shore  equivalent  of  the  quart zite  of  the 
Green  Mountain  range  (Vermont  Formation  of  U.  S.  G.  S. 
Monograph  XXIII),  was  folded  at  the  close  of  Lower  Cambrian 
time  and  in  places,  raised  above  sea  level,  forming  one  or 
more  islands  in  the  Champlain  oceanic  arm.  The  direction  of 
this  Cambrian  folding  was  generally  the  same  as  that  of  Ordovi- 
cian time,  known  as  the  Green  Mountain  movement,  but  at  this 
point  the  axes  of  these  Cambrian  folds,  for  some  reason,  had  a 
more  easterly  course,  resulting  in  N.E.  strikes.  A  very  gradual 
depression,  beginning  during  the  latter  part  of  Stockbridge 
Limestone  time  and  continuing  into  Hudson  time,  caused  the 
deposition  of  some  of  the  limestone  and  of  all  the  schist  upon 
these  former  islands  of  Lower  Cambrian  rocks.  This,  as  sug- 
gested to  the  writer  by  Professor  C.  II.  Van  Hise,  resulted  in 
some  places  in  an  overlappuig  of  the  limestone  by  the  Hudson 
schist  and  slate,  and  in  others,  in  the  deposition  of  the  schist 
and  slate  immediately  upon  the  Cambrian  slates.  This  over- 
lap, in  particular,  accounts  for  the  absence  of  the  Stockbridge 
Limestone  for  50  miles  along  the  west  side  of  the  Taconic  range. 
In  1898*  the  writer  sought  to  explain  this  by  a  local  change 
from  calcareous  to  argillaceous  sedimentation  during  Stock- 
bridge  Limestone  time,  as  had  been  proven  by  Pumpelly  and 

*  Op.  cit.  Slate  belt,  etc.,  p.  295,  last  paragraph,  to  p.  297. 
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Wolff  to  have  ocearrvd  ou  Ilor^eac  Mocntain.*  That  expUoft- 
tioii  of  tlic  rehUiou^  abont  the  Taconic  range  is  now  eliown  to 
be  erronw)iis. 

Then  came  the  Ordovician  folding  which,  here  and  as  far 
south  as  West  Kit  (land,  produced  N.  1 5-25  W .  strikes,  principally, 
and  which  may  liave  produced  the  N.15W.  secondary  cleava^ 
in  the  Canilirinii  slates,  and  inugt  also  have  otherwise  more  or 
less  modified  the  Cambrian  structure  as  well  as  the  Cambrian 
surface.  The  central  part  of  the  section  shows  the  Canabrian 
folding,  and  the  ends  of  it  the  overlapping  and  the  Ordovi- 
cian folding.  Denudation  thron^h  lone  geologt«il  periods 
miwt  account  for  the  presence  of  only  sHred-like  remnants  of 
thi:  great  mass  of  Ordovician  ai^illaceous  sediments  ami  for  the 
severance  of  the  northern  extension  of  the  schist  from  the 
Taconic  range,  and,  generally,  for  the  exposure  of  the  Stock- 
bridge  Limestone,  The  salient  fact  is  the  unconformity  between 
the  Lower  Cambrian  and  the  Ordovician,  which  is  marked  in 
the  slate  region  of  Washington  Co.,  either  by  the  parallelism  in 
the  strike  of  the  two  foldings  or  by  the  effect  of  the  later  one 
upon  the  earlier,  but  which  was  accentuated  at  the  north  end 
or  the  Taconic  range  by  the  original  divergence  in  the  strike 
of  the  two  periods  and  is  still  shown  in  the  dips.  This  nncon- 
formity  thus  fully  corroborates,  stratigraphically,  the  time  break 
shown,  paleontolocicaliy,  by  Mr.  W^Mstt'e  fossil  localities.-f 

Although  the  Taconic  controversy  was  settled  long  ago,  and 
has  ceased  to  lie  of  other  than  historical  interest,  as  it  was  shown 
by  Dana,  Walcott  and  the  authors  of  Monograph  XXIII,  that 
Ordovician  rocks  had  been  included  by  Ebenezer  Emmons  in  hie 
Taconic  System  owing  to  the  overlooking  of  faults,  the  mis- 
taking of  cleavage  for  bedding  and  insulticient  exploration  of  the 
areal  relations,  yet  it  is  remarkable  that  at  this  late  day  it  should 
appear  that  his  contention  that  there  was  an  extensive  forma- 
tion, marked  by  a  peculiar  fauna,  now  known  as  Lower  Cam- 
hrian,  uneonforniably  related  both  to  the  underlying  gneisses 
(pre -Cambrian)  and  to  the  overlying  Lower  Silurian  rocks  (Hud- 
son, etc.),  should  be  confirmed,  at  least  for  a  part  of  the  Taconic 
region,  for  no  trace  of  the  unconformity  shown  by  this  paper 
has  yet  Iwen  found  along  the  Green  Jlountain  border.  Dur- 
ing the  Taconic  controversy,  Iwiwever,  conforniahle  succession 
of  the  Cambrian  and  OnJovician  beds  was  supposed  by  the 
opponents  of  Ennuons  to  hold  for  the  entire  region, :f 

•  GeoU>|ty  <if  the  Green  MonuteltiH  id  MnuwiclmBettH.  by  Knphael  Pnmpelly. 
J.  E.  Wolff,  anil  T.  Nelxon  Dale.  Moiii)Kraiih,  U,  S.  Geological  Survev. 
XXIII,  1MI4.  lip.  14-1«.  104. 

fOp.  dt.  Slfttebelt.  pp.  163.  1U6. 

inoRBrs  IHenrv  D.).  thiH  Jounial  (1).  vol.  xlvii,  D..  p.  152,  1844;  WalcoU 
(Cliarlea  D.).  op.  L-it.  tbis  Journal,  vol.  xixv,  1888,  p.  aaO. 

Pittstielil,  Mass,  December,  ItHia. 
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Art.  XIV.  —  Notes  on  some  California  Mirierals ;   by 

Waldemar  T.  Schaller. 

Halloysite. 

The  pink  clay  occurring  at  Branchville,  Ct.,  lias  been  shown* 
to  be  raontmorillonite,  while  that  occurring  at  Norway,  Me., 
has  prevent  to  be  cimolite.  That  from  the  lepidolite  mine 
near  Pala,  San  Diego  Co.,  California,  differs  from  both  of  the 
New  England  clays,  being  comparable  with  halloysite. 

At  Pala,  the  halloysite  occurs  in  large  seams,  often  several 
inches  thick,  and  extending  many  feet  in  length.  The  clay  is 
somewhat  moist,  but  quicKly  dries  to  a  crumbling  mass  when 
taken  out  of  the  mine.  In  color  it  is  rather  deeper  pink  than 
the  Norway  cimolite  and  occasionally  is  somewhat  translucent. 
It  readily  crumbles  to  a  fine  powder  when  placed  in  water. 
The  material  analyzed  had  been  drying  in  the  air  for  over 
three  months. 

The  results  of  analysis  are  : 

SiO, 43-62 

A1,0, 35-55 

Fe,0, -21 

MnO -26 

CaO 1-02 

MgO -19 

Li,0 -23 

Na,0 : -19 

K,0 -03 

H,0  (107°) 6-63 

H,0  (ab.  107°) _  12-25 

TiO, _  none 

100-18 

The  iron  was  determined  as  Fe,0„  FeO  not  being  tested 
for.     The  analysis  agrees  well  with  the  formula 

H,Al,Si,0.  +  H,0. 

Amblygonite. 

The  occurrence  of  amblygonite  at  the  lepidolite  mine  at 
Pala,  California,  has  already  been  noticed,  and  a  somewhat 
fuller  description  of  the  mineral  is  here  given.  A  large 
deposit  has  been  uncovered  and  the  indications  seem  to  show 
that  it  is  merely  a  small  part  of  an  extensive  body  of  massive 

*  This  Jonmal,  zx,  283,  1880.  f  Ibid.,  xxxii,  855,  1886. 
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amblyftoiiito.  Thu  minoral ' usually  occiirB  pure;  very  rarely 
Bmall  amomits  of  lepidolile  iire  preseot  with  it.  Frequently 
broftd  cleavage  faces  witii  irregular  oatlines  eao  be  seen,  Tbe 
color  is  white  and  in  thin  pieces  the  mineral  is  translucent.  It 
fuses  easily,  coloring  the  flame  red,  and  in  [lowdcr  is  ditScuItly 
decomposed  liy  snlpUuric  acid. 

An  analysis  of  a  siwciinen  kindly  presented  by  Mr.  G.  F. 
Knnz  gave  the  writer  Hie  followins  reenlts  : 

P,0           46-83 

Al.O, 88*70 

Fe.O,..., -18 

MriO *09 

MgO   -31 

Li.O - B'88 

Nap 14 

H,0 505 

F     2-29 

TiO,- none 

10l-8t 


Regarding;  fliioririe  luid  hydroxyl  iw  isoniorplious,  in  the 
specimen  analyzed  the  latter  greatly  predominates  over  the 
nuorine.  The  water  was  detennined  by  igniting  the  mineral 
with  lead  oxide,  previously  heated  nearly  to  fusion.  Three 
determinations  gave  tbe  loss  of  weight,  due  to  the  escape  of 
water,  as  5'89,  B'Ol,  595  per  cent.  The  loss  of  the  mineral  on 
ignition  was  803  per  cent,  equalling  the  sum  of  tbe  water  and 
fluorine  content. 

Booth  iTE. 

A  specimen  of  a  pale  blue  copper  sulphate  was  collected  at 
the  copper  mine  near  Canipo  Seco,  Calaveras  Co.,  California, 
by  Mr.  James  Wise,  and  kindly  presented  to  the  writer  for 
investigation.  The  pale  blue  color  suggested  that  the  mineral 
might  be  boothite  instead  of  the  more  fretjuently  occurring 
chalcanthite.  The  results  of  a  chemical  analysts  have  shown 
that  the  mineral  is  hoothite,  thus  affording  a  second  locality 
for  this  interesting  mineral.  Careful  quantitative  determina- 
tions of  hydrous  copper  sulphates  will  pi-olmbly  show  that  the 
heptahydrate  is  not  so  rare  as  may  Ihj  supposed. 

The  mineral  frem  Cauipo  Seco  occurs  massive,  sliowing  no 
crystalline  strncture.  The  average  of  several  determinations 
afforded  tlie  following  results: 
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Ratio. 

CuO 2613  1-00 

FeO -81  -03 

MgO -64  06 

SO, 27-25  104 

H,O(110*»)    ^^''^^lAy.ai  ^'^-ll'M 

H;0(ab.llO°) 4-91  r^^^  -84^^^ 

Insol 3-96                          


100-46 
Formula,  CnS0,.II,0  +  6H,0. 

A  careful  determination  of  the  specific  gravity  of  the  mineral 
gave  (21°  C.)  1-944.  This  being  much  lower  than  the  value 
obtained  (2*1)  on  the  boothite  from  Leona  Heights,  a  redeter- 
mination of  the  latter  was  made  on  purer  material  collected 
since  the  publication  of  the  first  results.*  This  gave,  as  an 
average  value,  the  figure  (22°  C.)  1-935.  The  average  of  these 
two  determinations,  or  1-94,  is  probably  very  near  the  true  value 
for  the  specific  gravity  of  boothite. 

PiSANITE. 

A  small  specimen  of  massive  pisanite  from  Gonzales,  Monterey 
Co.,  California,  was  analyzed  some  time  ago  and  the  results 
are  here  presented.  The  quantity  of  material  available  for 
analysis  was  very  small  and  the  determinations  do  not  claim 
any  great  accuracy.  About  6  per  cent  of  insoluble  matter  has 
been  deducted  and  the  results  recalculated  to  100  per  cent. 

Ratio. 

CuO   7-56  -27  )  .^o 

FeO    15-85  -72  f  ^^ 

SO    30-74  1-08 

H,0    45-85  718 

100-00 

The  analysis  approximates'  to  the  formula  CuO.2FeO.3SO,. 
21H,0. 

In  the  following  table,  all  available  analyses  of  pisanite  are 
tabulated,  and  one  can  readily  see  that  there  is  no  definite  ratio 
between  the  copper  and  iron.  The  formula  is  then  written 
(Cu,Fe)S04.7HjO,  pisanite  being  an  isomorphous  mixture  of 
melanterite  and  boothite.  All  the  analyses  are  calculated  to 
100  per  cent.f 

*  Minerala  from  Leona  Heights,  Alamada  Co.,  California,  by  W.  T.  SchaUer, 
BnU.  Dept.  Geol.  Univ.  of  Cal.,  vol.  iii,  No.  7. 

f  Anal.  No.  1,  Uieoretical  comp.  of  melanterite,  FeS04.7HaO ;  No.  2,  Sohal- 
ler,  anal,  qaoted  above :  No.  8,  Schaller,  BnU.  Dept.  Geol.  Univ.  of  Cal.,  vol.  iii, 
No.  7;  No.  4,  ffintz,  Zeit.  Krys.  ii,  809;  No.  5,  Hillebrand,  Bull.  U.S.G.S., 
No.  220,  p.  105 ;  No.  6,  see  No.  8 ;  No.  7,  Piaani,  Comptes  Rendna,  1859,  xlviii, 
807;  No.  8,  see  No.  8:  Nob.  9  and  10,  Herz,  Zeit.  Krys.  xxvi,  16;  No.  11, 
theoretioal  oomp.  of  boothite,  CaSOi.7HtO. 
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No.                1  2                8  4                 G  S 

CuO__ 750         917  1007       12-61  15-52 

FuO 25-80  15-65  1(5-37  {1615)      14-U  12-14 

80 28-80  30-74  2fl-(»0  28-84       28-44  27-82 

ir.O 46-34  45-85  45'46  (44-94)      4481  44-62 

100-00  100-00  100-00  10000  100-00  loo-oo 


CuO 15-56  17-45  17-64  IBfil  27-65 

FeO 10-B8  lo-lfi  OO-i  S-51 

80 20-80  28-43  28-27  27-93  28-02 

H,0 43-56  43-94  4447  44-76  44-13 

100-00    100-00    imvoo      loo-oo    loo-oo 

Qiiartx  Pmittiomorjih  after  Apophyllite. 
At  the  Datolit*  and  Pectolite*  locality  near  Fort  Point,  San 
Francisco,  Cal.,  »  small  gronp  of  cr^-stals  was  found  wbich 
were  at  first  taken  to  be  apoplij)lit€.  However,  ae  the  crystals 
pTOVod  to  be  infusible,  a  more  extended  investigation  of  the 
tninera]  was  made. 

The  oryetala,  from  one  to  three  mm.  in  diameter,  appear 
cnbic  with  the  comers  trnncated  by  email  faces.  Measurements 
of  the  best  crystals  showed  that  tliey  are  tetra^nal  and  that  they 
agrt'e  in  angles  with  those  of  aixiphyllite.  The  forms  present 
are  the  base,  prism  of  the  second  order  and  the  nnit  pyramid 
of  the  first  order.  The  prism  faces  are  vertically  striated  and 
faces  of  the  other  two  forms  are  also  rarely  somewhat  striated. 
By  trial  it  was  found  that  hydrochloric  acid  does  not  attack 
the  crystals,  so  the  associated  calcite  was  easily  removed  and 
pure  material  for  analysis  obtained.  The  crystals  ate  opaque 
and  no  ojitical  determinations  could  be  made. 

The  analysis  gave  the  followiiig  figures,  showing  that  the 
crystals  are  now,  chemically,  essentially  silica  with  various 
impurities. 

SiO    90-58 

A1,0, _      1'38 

CaO I-ST 

MtiO    -2  20 

I1,0 4-;i2 


Ijiboratfiry  of  tlie  U.  S.  Geolo^-ii-n!  Sot 
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Abt.    XV.  —  Crystallographical  and   Chemical  Notes    on 
Zawsonite  ;  by  W.  T.  Schaller  and  W.  F.  Hillebrand. 

Crystals  of  lawsoiiite  are  very  simple  in  their  combinations, 
the  common  forms  being  the  prism,  base  and  brachydome. 
Two  habits  occur;  tabular  crystals  with  JOOlf  and  |110|  and 
crystals  with  the  forms  {110}  and  |011[.  The  brachypinacoid 
and  the  brachydome  |041[  also  occur.  A  lar^e  number  of 
crystals  from  the  typical  locality  in  Marhi  County,  California, 
were  collected  by  the  writer  and  carefully  examined  with  a 
hand  lens  for  any  additional  forms.  Only  two  new  forms 
were  determined. 

The  forms  observed  on  the  six  crystals  measured  are : 

c  =  0     =001  e?=01  =  011 

ft  =  0  00  =  010  e  =  04  =  041 

mz=  CO    =110  r=    2  =  221 

8=z    3  =  331 

The  angles  measured,  with  those  calculated  for  these  forms, 
are  quotea  in  the  table  following : 


No. 

Letter. 

Symbol. 

Meaaared. 

A. 

Calcnlated. 

Gdt. 

MUler. 

f 

P 

^ 

9 

1 

c 

0 

001 

•      *        W      « 

0°  02' 



0°   00' 

2 

b 

Ocjo 

010 

0°  00' 

90    00 

0°  00' 

90     00 

3 

m 

00 

110 

56    22 

« 

56     22 

c< 

4 

d 

01 

Oil 

0    09 

36    36 

0     00 

36    27 

o 

e 

04 

041 

0    00 

71     18 

(( 

71     18 

6 

r 

2 

221 

56    27 

69    10 

56     22 

69    27 

7 

8 

3 

331 

56    22 

76    21 

a 

75    68 

The  new  pyramid  ?•  =  2  =  |221}  is  present  on  two  crystals, 
the  faces  giving  good  reflections.  Fig.  1  shows  one  crystal  on 
which  this  form  occurs. 

The  new  pyramid  *  =  3=  |331|  is  present  on  only  one 
crystal  and  but  one  face  of  the  form  occurs.  The  relative  size 
of  the  face  is  about  the  same  as  that  of  the  preceding  pyramid. 
The  reflection  was  fair. 

The  brachydomes  are  usually  deeply  striated,  rendering  it 
difficult  to  determine  with  certainty  any  domes  present.  On 
two  crystals,  reflections  were  obtained  from  two  faces,  measure- 
ments of  which  agree  with  the  angles  calculated  for  the  form 
1 034 1 .  The  form  is  rather  uncertain  and  is  not  included  with 
the  others. 
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Measnred. 
^  P 

0**  23'     28°  07' 
0    00      28    07 


-14' 


Oaloulated. 
^  P 

(f  00'     28°  59' 


The  combinations  observed  on   the  crystals  measured  are 
shown  in  the  following  table : 


Cryst.  No. 

c 

b 

m 

d 

1 

m 

d 

2 

^  ^ 

h 

m 

d 

3 

^  ^ 

^  ^ 

m 

d 

4 

c 

b 

m 

d 

5 

_    ^ 

b 

m 

d 

6 

c 

m    m 

m 

d 

e 


r 
r 


8 


e 


The  following  table  is  a  calculation  of  the  two  new  forms 
corresponding  to  the  tables  given  in  Goldschmidt's  Winkelta- 
bellen. 


No. 

Let- 

Sym- 

Mil- 

^ 

ter 

r 

bol 

ler 

6 

2 

221 

56''  22' 

7 

8 

8 

331 

<( 

V^ 


eO**  27' 65"  45' 55"  54' 
75  58  173  17!65  42 


5r  13' 
53  53 


31"  14' 
32  30 


y 


d  = 


2-2204   1-4770  2  6» 
3-3306  '2-2155  4-00 


Material  carefully  purified  by  the  Thoulet  solution  followed 
by  repeated  electromagnetic  extraction,  and  having  then  a 
specific  gravity  of  3*121  at  25°,  gave  the  following  results  of 
analysis . 

*  Concemiug  this  purified  material*  Dr.  Ransome  reports  as  follows:  ^'1 
should  say  the  material  is  as  pure  as  it  is  possible  to  get  it.  The  grains  are 
aU  lawsonite,  but  vary  in  individual  purity.  Some  are  perfectly  clear. 
Others  have  minute  inclusions,  which  appear  in  most  cases  to  be  solid  parti- 
cles but  are  too  minute  for  identification.  One  of  them,  however,  was  sug- 
gestive of  rutile.  Some  of  the  grains  are  slightly  clouded  with  a  yeUowish 
stain  which  the  microscope  is  unable  to  resolve  into  distinct  particles.  There 
are  apparently  a  few  fluid  inclusions  also." 


SchaUer  and  StUebrand — Chemical  N0U9  an  Zaweoniie.  197 


SiO 

TiO 

Al.O 

.    38-46 
. .      0-38 
..   31-35    1 
..      0-86   f 
..      0-10  ^ 

Mol.  Ratio 
1-98 

0-97 

CaIc.  for  the  formnU 
H4CaAl,Si,0,, 

38-34 

It  »  tTi  -  -  - 

32-44 

MnO  ... 
CaO  .... 
MgO... 
Kfo.... 
Na.O..., 


faint  trace 

17-52 

....      0-17 

0-23 

0-06 


J- 


1-00 


17-80 


H,0  .(ignition)  11*21 


1-95 


100-33 


11-42 


100-00 


Titanium  is  not  considered  in  the  ratio  because  probably 
present  as  an  inclusion  of  rutile  or  titanite.  If  the  latter,  the 
ratio  would  perhaps  approxiniate  still  more  closely  to  the  theo- 
retical than  it  does.  The  agreement  with  the  formula  deduced 
by  Ransome  and  Palache  from  their  rather  widely  differing 
analyses  is  very  satisfactory.  The  behavior  of  the  mineral 
before  the  blowpipe  is  somewhat  different  from  that  given  by 
those  authors,  or  rather  their  statement  needs  amplification. 
On  first  applying  the  flame,  a  splinter  appears  to  fuse  easily  as 
stated,  and  there  is  formed  a  blebby  glass,  or  on  larger  spliuters 
a  porous  sinter,  but  this  fusing  is  only  momentary,  and  it 
requires  the  highest  heat  attainable,  under  which  the  fragment 
emits  quite  an  intense  light,  to  ])roduce  a  further  softening  and 
rounding  of  the  edges.  If  a  rather  large  splinter  is  held  in  the 
flame  of  the  blowpipe,  or  in  a  small  flame  of  a  blast  lamp,  a  very 
sudden  and  marked  exfoliation  is  observed,  but  even  the  extruded 
points  and  edges  do  not  fuse  completely  in  the  highest  attain- 
able heat.  The  semi-fused  surface,  however,  appears  on  cool- 
ing dark  and  sometimes  nearly  black  where  the  heat  was  most 
intense.  If  care  is  taken,  in  producing  this  exfoliation,  to 
apply  the  flame  but  for  a  moment,  it  has  been  noticed  that  a 
singularly  shaped  excrescence  may  shoot  out  from  a  point  of 
the  surface. 

Laboratory  of  the  U.  S.  Geologjical  Survey,  November. 
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Art.  XVI, — A  Determination  of  N^ify-ite^  in  AhsMice  of  Air : 
by  I.  K.  Phblps, 

[Conlributiooa  from  the  Kent  Obomicai  Laboralory  of  Yale  Dolireraily— CXXIV.] 

Ddnsten  and  Bymond*  have  recommended  the  use  of  an  evae- 
nated  flask  for  the  eBtiination  of  iiitritea  by  tlie  action  of  potas- 
Bium  iodide  in  acid  solntion.  Under  these  conditione,  the 
nitn>Q3  and  hydriodic  acids  interact  to  produce  nitric  oxide 
(whieh  must  l)e  kept  from  contact  with  gafleons  oxygen)  and 
iodine  which  is  determined  by  deciuornial  eodinm  tliioenlphate. 
As  objections  to  the  process  may  be  cited  the  necessi^-  of  get- 
ting an  absolutely  gax-tiglit,  rublier-jointed  apparotns  and  the 
refitrietion  pnt  upon  the  size  of  the  flask  by  the  two  coiisid- 
eratiousof  withstanding  the  atmospheric  pressure  when  evacu- 
ated and  yet  being  thin-wallec]  enough  to  allow  of  the  re«dy 
heating  of  the  flask.  A  practical  test  of  a  flight  motlificntion  of 
the  device  already  used  in  tlie  determination  of  nitric  acidt 
for  getting  an  inert  atmosphere  proves  to  obviate  these  diffi- 
culties and  to  leave  little  to  be  deeii-ed  in    point   of  accuracy. 

The  anparatns  used  was  the  same  as  in  the  estimation  of 
nitric  acia  already  referred  to  above.  It  consisted  of  a  boiling 
flask  of  250™'  capacity  closed  with  a  rubber  stopper  carrying 
in  itstwoperforations  the  inlet  and  exit  tubes.  A  stoppered  fun- 
nel of  50™'  cajMcity  with  its  tube  eonatrieted  at  its  lower  end  was 
used  as  an  inlet  tube ;  and  a  glass  tube  of  8™  internal  diameter, 
enlarged  just  above  the  stopper  to  a  small  bnib  {to  prevent 
mechanical  loss  of  the  solid  contents  of  the  flask  during  the 
boiling)  and  bent  twice  at  right  angles,  served  as  an  exit  tube. 
The  nask  was  supported  in  the  usual  manner  at  a  convenient 
height  to  allow  of  heating  with  a  Bnnsen  biirner  placed  beneath 
and  the  exit  tube  was  made  of  a  suflicient  length  to  reach  to 
the  surface  of  some  mercury  contained  in  a  test  tube  to  the 
depth  of  abont  three  centimeters. 

The  analysis  was  made  as  follows:  An  amount  of  standard 
arsenious  acid  solution,  slightly  in  excess  of  that  required  to 
take  np  the  iodine  to  be  set  free  later  by  the  nitrous  acid,  and 
25°"'  of  a  concentrated  solution  of  sodium  carbonate  were 
placed  in  the  flask.  The  stem  of  the  dropping  funnel  was 
completely  lilled  with  water,  the  rubber  Btop|)er  inserted 
tightly,  and  the  contents  of  the  flask  boiled  until  all  air  was 
expelled — a  process  rcquiriug  an  active  Imiling  of  5-8  minutes. 
The  flame  was  then  reinoveil,  thu  exit  tube  plunged  deep  into 
the  mcreiirv  by  changing  tiro  position  of  the  flawk  on  its  wire 
gauze — which  is  particularly  ea.sy  if  t!ie  gauze  is  well  depressed  at 
•  Pharm.  Jour.  (8],  IB,  741.  .\  This  Journal,  liv,  440(1902). 
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the  center  and  the  flask  placed  well  upon  the  higher  part  in  the 
preceding  operation — and  sulphuric  acid  (1-4)  sucked  in  through 
the  funnel  tube  as  the  flask  cooled,  the  cooling  to  the  room 
temperature  being  hastened  by  standing  the  flask  in  a  dish  con- 
taining ice  and  water.  In  all,  7*^'"*  of  sidphuric  acid  were  added, 
this  amount  having  been  found  by  previous  experiment  to  be 
nearly  but  not  quite  enough  to  neutralize  the  sodium  carbonate 
used  and  also  having  been  found  to  yield  a  little  more  carbon 
dioxide  than  the  apparatus  can  hold  at  the  atmospheric  pressura 
As  soon  as  the  diminished  pressure  in  the  apparatus  was  too  weak 
to  suck  in  the  acid,  the  position  of  the  flask  was  again  changed 
on  the  wire  gauze  so  that  the  exit  tube  was  raised  out  of  the 
mercury  into  the  layer  of  water  which  had  condensed  during 
the  preceding  boiling  and  which  then  served  to  trap  the  appa- 
ratus from  the  outside  air.  After  the  acid  had  been  added  and 
had  been  washed  in  carefully,  the  nitrite  solution  to  be  analyzed 
containing  2grms.  of  pure  potassium  iodine  was  introduced  into 
the  flask  through  the  funnel  and  this  was  followed  by  sul- 
phuric acid  (1-4)  in  sutKcient  amount  (5^"*)  to  render  the  con- 
tents of  the  flask  acid  in  reaction.  Potassium  bicarbonate  was 
then  added  in  concentrated  solution  to  alkaline  reaction  or  until 
the  free  iodine  had  been  taken  up,  the  mixture  boiled  for 
about  five  minutes  to  expel  the  nitrogen  dioxide,  cooled,  and 
titrated  to  color  with  decinormal  iodine  in  the  presence  of  starch 
paste.  In  making  the  various  additions  of  liquid  to  the  flask, 
care  was  necessarily  taken  that  no  air  was  introduced  with 
the  liquid.  Table  I  records  experiments  made  in  this  man- 
ner upon  a  solution  of  commercial  sodium  nitrite,  standardized 
by  treatment  with  potassium  permanganate  and  oxalic  acid  in 
acid  solution  according  to  the  procedure  of  Kinnicut  and  Nef.* 


Tabt.e  I. 

Oxygen 

Oxygen 

value  of 

value  of 

NaNOa 

A8,0s 

AsaOs 

Error  on 

Error  on 

taken. 

taken. 

found. 

Oxygen. 

NaNO,. 

gnu. 

grm. 

grui. 

gnn. 

grm. 

1 

0-0968 

001200 

0*00064 

0-000-25  + 

00011  + 

2 

0-0958 

0-01200 

0-00066 

0-00024  4- 

0-0010  + 

3 

0-1916 

0-03200 

0-00965 

0-00017  + 

0-0007  + 

4 

0-1916 

0-03200 

0-00965 

0-00017  4- 

0-0007  + 

5 

0-3832 

0-05600 

0-01120 

0-00043  + 

0-0018  + 

6 

0-3832 

0-05600 

0-01118 

0-00045  + 

0-0019  + 

7 

0-6716 

0-08000 

0-00160 

0-00070  + 

0-0033  + 

8 

0-6716 

0-08000 

0-00158 

0-00078  + 

0-0034  + 

9 

0-1916 

003280 

0-01003 

0-00062  + 

0-0027  + 

•  Amer.  Chem.  Jour.,  v,  888  (1888). 
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The  experiraent  numljeped  W  is  inclmled  to  show  a  fact  fotmtj 
early  in  the  inveBtigation,  namely,  the  necessity  of  boiling  ont 
the  nitrogen  dioxide  before  titrating  the  rcaidnal  arsenioiig  acid. 
It  was  made  like  Z  and  4  above  np  to  that  point,  when  in 
stead  of  boiling  out  the  nitrogen  dioxide,  cooling,  and  titrating, 
it  was  treated  with  a  slow  stream  of  air  bubbling  through  for 
fifteen  minutes  and  then  titrated.  Evidently  the  nitrogen 
dioxide  in  oxidizing  affects  the  arsenioiis  acid  aligbtly. 

"When  the  sulphuric  acid  is  being  added  to  the  alkaline  solu- 
tion containing  tne  arxenite,  iodide,  and  nitrite,  iodine  is  Bet  free 
locall;  but  i^  at  ouce  taken  up  by  the  alkaline  areenite,  so  that 
finally,  when  the  acid  reaction  in  reached,  there  is  only  a  small 
amount  of  it  free,  no  matter  how  much  nitrite  may  have  been 
need.  This  condition  reduces  tfj  a  niiuimnm  the  possibility  of 
a  lose  of  iodine  by  volatilization. 

As  might  be  anticipated,  the  two  processeB  show  slightly 
different  results,  the  process  outlined  above  tending  to  give 
reeolts  in  excess  of  the  theory  on  account  of  the  action 
of  dissolved  oxygen,  while  that  of  Kinnicut  and  Nef  should 
ehow  a  deficiency  as  compared  with  theory,  since  the  lose  of 
nitrogen  oxides  is  evidencea  bj  the  odor  when  even  a  very  dilute 
solution  of  a  nitrite  is  acidified. 
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Art.  XVII. — The  Use  of  Ferrous  Sulphate  in  the  Estima- 
tion of  Chlorates  and  Bromates  ;  oy  I.  K.  Phelps. 

[ContributioDS  from  the  Kent  Chemical  Laboratory  of  Yale  UDiversity — CXXY.] 

In  a  recent  article,  *  a  method  for  the  titrimetric  estimation 
of  nitric  acid  or  nitrates  was  described.  It  consisted,  briefly, 
in  the  measurement  of  the  amount  of  ferrous  salt  oxidized  m 
the  reduction  of  the  nitric  acid  to  nitric  oxide  by  an  excess  of 
ferrous  sulphate  in  the  presence  of  hydrochloric  acid.  The 
vahie  of  ferrous  sulphate  as  a  reducing  agent  in  analytical  pro- 
cesses has  been  long  recognized  on  account  of  its  ready  avail- 
ability, the  high  degree  of  precision  with  which  it  may  be 
determined,  and  the  extreme  slowness  with  whicli  it  is  oxidized 
by  atmospheric  oxygen.  This  last  fact  was  clearly  shown  by 
Peters  and  Moodyf  for  solutions  which  had  been  allowed  to 
stand  until  all  active  oxygen,  dissolved  in  the  water,  or  other- 
wise present,  had  produced  its  eflFect.  The  author  was  surprised 
to  find  that,  in  boiling  such  solutions  in  the  open  air  and 
cooling  with  stirring  in  running  water,  no  distinctly  perceptible 
change  could  be  noted,  although  the  oxidation  from  day  to  day 
was  plainly  evident. 

CarotJ  has  suggested  the  use  of  ferrous  sulphate  for  deter- 
mining the  oxygen  in  hypochlorites  and  chlorates  in  admixture 
with  chlorides  but  gives  no  evidence  to  show  the  degree  of 
accuracy  of  the  process.  Table  I  records  experiments  made  with 
the  purest  potassium  chlorate  of  commerce  to  test  this  point. 
The  dry  salt  was  weighed  out,  treated  with  an  excess  of  stand- 
ardized ferrous  sulphate  solution  (approximately   -  j,  and  with 

15*^"  of  sulphuric  acid  (1  : 4).  This  mixture  was  brought  to  the 
boiling  point  in  a  trapped  flask,  cooled  to  room  tem|)eratureby 
immersion  in  running  water,  diluted  to  a  volume  of  600*^™*,  and, 
after  the  addition  of  1-2  grms.  of  mauganous  chloride,  titrated 
to  color  wuth  standard  potassium  permanganate  solution. 

Table  1. 


KCIO, 

Oxygen  value 
of  ferrous  Halt 

Oxygen  value 
of  ferrous  salt 

Error  on 

taken. 

takeh. 

found. 

KCIO,. 

grin. 
0-06()0 

grm. 
0-02756 

grm. 
0-00814 

gnn. 
0.0i)04  — 

0-0500 

0-02739 

0-00781 

0-0000  ± 

0-1000 

0-04934 

0-01024 

0-0002  — 

0-1000 

0-04951 

0-01043 

00002  — 

0-2000 

0-09086 

0-01247 

0-0002  + 

0-2000 

0-09078 

001277 

0-0008  — 

0-5000 

0-20562 

0-00993 

0-0006  — 

0-6000 

0-20543 

0-00980 

0-0006  - 

•  This  Jonnua,  zIt,  440  (1902).  f  This  Journal,  xii,  869  (1901). 

X  Compt.  Rend.,  oxxii,  449. 
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Table  II  records  eitnilarly  experiments  made  upon  a  sample 
of  thrice  crystallized  potassiiun  broinuto  which  was  prepared  by 
acting  ou  potaesiuin  hydroxide  witli  bromine  evolved  from  pure 
potaseinm  bromide  by  snlplmric  acid  and  manganese  dioxide. 
The  experiments  were  performed  like  those  with  the  chlorate, 
deecribed  abope,  except  that  the  excess  of  ferrous  salt  used  in 
the  reduction  was  determined  by  decinormal  iodine  in  alkaline 
solution  instead  of  by  permanganate  in  acid  solution.  The 
solution  was  cooled  after  boiiinfi;,  was  nearly  neutralized  with 
a  concentrated  solution  of  sodium  carbonate,  and  was  then 
treated  with  2-3  grms.  of  Kochelle  salt  in  solution  and  an 
excess  of  decinormal  iodine  solution.  The  mixture  wa.s  made 
alkaline  with  an  excess  of  potassium  bicarimnate  solution,  starch 
paste  added,  the  starch  blue  bleached  with  decinormal  arseniou^ 
acid,  and,  finally,  the  excess  of  this  last  titrated  to  color  with 
iodine, 

Tt^avx  11. 


Oxjicen  valae 

Oiygen  yalae 

KBrO, 

of  ferrom  wit 

at  f «iToiu)  salt 

Error  on 

Uken. 

token. 

foujid. 

KBrO.. 

Urm, 

grm. 

pm. 

grm. 

0-0600 

0-01770 

0-00337 

0-0006  — 

0-0600 

001770 

0-00386 

0-0001  — 

O'lOOO 

0'03792 

0-00942 

0-OOO8  — 

o-iooo 

0-03792 

(1-00933 

0-0001  — 

0-2000 

006321 

000576 

o-oooo± 

0-2000 

0-0632 1 

0-00580 

0-0002- 

0-5000 

0-15670 

0-0134a 

0-0013- 

0-50U0 

0-16^12 

0-01870 

0-0008- 

An  inspection  of  the  results  shows  that  the  prt 
be  justly  considered  as  accurate  for  analytical  purposes — espe- 
cially 80  when  one  considers  that  they  measure  only  the  oxygen 
in  the  salt  analyzed,  which  is  39  percent  for  |  '  ' 
rate  and  28  per  cent  for   potassium  bromate. 
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Art.  XVIII, — Studies  of  Eocene  Marainalia  in  the  Marsh 
CoUectioii^  Peahody  Museum  ;  by  J.  L.  Wobtman. 

[Continned  from  vol.  xvii,  p.  140.] 

On  the  Affinities  of  the  Omomyince, 

As  I  have  already  fully  stated,  my  arrangement  of  this  group 
of  Primates  under  the  Paleopitheeine  division  of  the  Anthro- 
poidea  is  only  provisional.     The    incompleteness  and   frag- 

135 


136 


FioUBE  135. — Lower  jaw  of  Tarsius  spectrum  ;  crown  view  ;  two  and  one- 
half  times  natural  size. 

Figure  136. — Upper  teeth  of  Tarsius  spectrum  ;  crown  view ;  two  and 
one-half  times  natnral  size. 

mentary  condition  of  the  remains  of  all  the  species  thus  far 
known  precludes  the  possibility  of  determining  their  affinities 
and  position  with  any  great  degree  of  exactness.  It  has  been 
pointed  out  that  the  dentition  oif  the  lower  jaw,  and  presumably 
that  of  the  upper  jaw  also,  in  all  the  species  in  which  it  is 
definitely  known,  is  represented  by  two  incisors,  a  canine,  three 
premolars,  and  three  molars.  This  number  differs  from  that 
of  Tarsius^  figure  135,  in  the  presence  of  an  additional  incisor, 
there  being  only  a  single  pair  in  the  lower  jaw  of  that  genus. 
The  structure  of  the  lower  molars  and  premolars  accords  well, 
moreover,  with  that  of  Tarsius^  which  undoubtedly  represents 
a  verv  generalized  pattern  amona;  the  Primates,  and  one  from 
whicn  it  is  possible  to  derive  all  the  more  complex  types  of 
the  higher  forms.  In  the  structure  of  the  superior  molars,  all 
the  species  of  the  Omomyinse  have  apparently  advanced  beyond 


204        Wort7na}i — Studies  of  Eocene  Mammalia  in  the 

the  Tarsius  stage,  ligure  136,  This  is  seen  in  the  continQation 
of  the  ciii^lum  forward,  around  the  internal  face  of  the  crown, 
and  tlic  development  of  a  distinct  cingular  cuspule  internal  to 
the  main  ontero  internal  ensp.  In  the  two  external  roots  of 
the  fourth  enperior  premolars,  however,  the  epeciee  of  the 
OraomjiniE,  as  far  as  known,  agree  with  Tarsius.  This  is 
very  probably  a  generalized  character,  also,  since  there  is  very 
strong  presumptive  evidence  that  the  single  external  root  of 
the  third  and  fonrth  premolars,  common  in  the  higher  apes,  is 
tho  result  of  degeneration  caused  by  the  sliortening  of  the  face* 


The  final  determination  of  the  exact  relations  of  these  forms 
to  Tamiun  must  await  the  discovery  of  the  lachrymal  region, 
ae  well  as  of  the  structure  of  the  limbs  and  feet. 

It  is  proper,  however,  to  call  attention  in  this  connection  to 
8ome  striking  resemblances  which  this  group  exhibits  to  certain 
of  the  South  American  apes,  notably  the  capuchins  and  squirrel 
monkeys.  In  the  former  of  these,  of  wiiich  Ccbics  apella, 
figures  137  and  138,  is  i\  good  example,  the  upper  molars  pre- 
sent a  characteristic  and  in  many  rcs|>ects  a  peculiar  and  dis- 
tinctive pattern,     Tlie  first  molar  is  the  largest  of  the  series 

*Id  Cebus  the  exUnial  root  of  th?  third  and  fonrth  premolars  is  either 
deeply  grouveil  or  foinplelely  divided  at  tlie  end.  This  is  likewise  trae  of 
Mycetes,  dh  well  as  of  iiinuv  Hpeeies  of  Old  World  apes.  An  example  of  the 
tnsion  of  the  eitenial  niuts  m  aeen  in  the  last  molar  of  many  species  of  apes 
where  it  ia  strongly  reduced,  as  in  tVbus,  Ckrysothrix,  and  others. 
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and  the  last  is  the  smallest,  being  considerably  reduced.  In  the 
crowns  of  the  first  and  second,  tlie  trigonal  ridges  are  distinct, 
and  there  is  a  prominent  intermediate  cusp  present.  The  poa- 
tero-internal  cusp  is  well  developed  and  has  a  position  much 
more  internal  to  the  antero-internal  tlian  is  generally  the  case 
in  molars  of  the  higher  Primates.  Because  of  its  position  this 
cusp  is  more  widely  separated  than  usual  from,  and  does  not 
develop  a  close  connection  with,  the  original  trigon.  There  is 
a  strong  cmguhim  contmued  forward  around  the  inner  face  of 
the  crown,  from  which  a  small  cingular  cuspule  is  formed 
internal  ti»  the  main  antero  internal  cusp,     Tliis  is  most  dis- 


tinct in  the  second  molar,  although  a  considerable  rudiment  of 
it  is  seen  in  the  first..  In  the  squirrel  monkey,  Chryaothrix 
seiurea,  figures  139,  140,  and  141,  the  superior  molars  exhibit 
practically  the  same  structure  as  those  of  Ci'Mix,  the  only 
important  difference  between  the  two  l)eing  that  the  posterior 
intermediate  cusp  is  not  distinct  in  Chfijsctlirix.  The  cingu- 
Inm  is  continued  around  the  inner  face  of  the  crown  in  both 
the  first  and  second  molars  in  the  same  way  as  it  is  in  Cehus ; 
but  its  development  is  greater  in  the  fii-at  molar  than  in  the 
second,  whereas  in  (Jehus  the  cingulum  and  the  anterior  cingular 
cusp  are  stronger  in  the  second  than  in  the  finst. 

This  peculiarity  in  the  structure  of  the  molars  is  not  found 
in  any  other  South  American  ape,  nor,  as  far  as  I  am  aware,  in 
any.  other  living  species  of  Primate  in  any  part  of  the  world. 
It  is  highly  signincant,  therefore,  that  so  unusnal  a  modifica- 
tion and  one  so  entirely  unique  among  the  Primates  should  be 
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met  with  in  its  incipient  etagee  in  the  typical  North  Ameriean 
Eocene  ^roup  Oinomyinae.  As  we  have  just  seen,  this  char- 
acter is  fonna  in  the  upper  tnolare  of  all  the  xpecira.  and  may 
be  said  to  be  especially  characteristic  of  them.  We  know, 
moreover,  that  they  are  Primates  ;  that  the  dental  formula  for 
the  lower  jaw  and  presumably  for  the  npper  is  the  aame 
as  in  the  Cebidte;  that  the  number,  structure,  and  relations  of 
all  the  teeth  of  certain  species,  at  least,  so  completely  fulfil  the 
reqnirements  and  conditions  which  one  would  naturally  seek  in 
an  ancestor  of  these  living  CehidfB,  as  to  make  it  scarcely  possible 
to  believe  that  such  striking  resemblances  can  be  altogether 
accidental.  In  fact,  this  is  the  only  group  of  Primates  that 
has  ever  been  found,  among  either  living  or  extinct  forms 
outside  of  South  America,  wnich  exhibits  any  approximation 
to  any  of  the  OebidEe,  aud  until  some  tangible  evidence  to  the 
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contrary  is  forthcoming  we  are  compelled  to  regard  these 
extinct  North  American  types  as  the  source  from  which  the 
ape  fauna  of  the  Neotropical  realm  had  its  origin. 

It  has  been  assumed  by  some  who  have  sought  to  solve  the 

fToblem  of  the  origin  of  the  Cebidte,  that  they  were  derived 
rom  Africa,  and  making  their  way  thence  across  an  Antarctic 
laud  connection,  thus  reached  South  America.  This  view  is 
based  upon  the  presence  in  tlie  Patagonian  Miocene  of  the 
remains  of  numerous  Marsupials  closely  allied  to  those  now 
living  in  Australia,  which  arguopi  strongly  for  a  land  connection 
with  that  conthient  during  the  Tertiary.  I'Vom  resemblances 
among  certain  living  species  from  South  America  to  those  of 
Africa,  as  well  as  among  si>me  of  the  extinct  forms,  it  is  fur- 
ther assumed  that  this  land  bridge  cxtcndLMl  to  Africa,  and  that 
there  was  an  interchange  of  sjiccies  between  the  two  Ilemi- 
flphcres.  "While  this  may  purhaps  satisfactorily  account  for  the 
presence  of  those  African  types  in  South  America,  it  does  not 
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apply  to  its  simian  population.  The  insuperable  objection  to 
an  African  origin  for  the  Cebidse  is  found  in  the  complete 
absence  of  any  group  of  Primates,  either  fossil  or  recent,  in  the 
tropics  or  any  part  of  the  Eastern  Hemisphere,  which  exhibits 
any  near  affinities  with  the  New  World  apes.  Africa  is  to-day 
the  congenial  home  of  a  large  and  varied  lemuroid  and  simian 
population  in  which  species  of  the  highest  and  lowest  degree 
exist  side  by  side.  Something  is  known,  moreover,  of  the 
ancient  representatives  of  this  Primate  fauna  from  the  Ter- 
tiaries  of  Europe  and  Asia,  but  whether  we  consider  the  living 
or  extinct  forms,  not  a  single  species  has  yet  been  brought  to 
light  among  them  which  does  not  proclaim  its  distinctive 
relationship  and  bear  the  unmistakable  stamp  of  its  affinities 
with  the  rrimates  of  the  Old  World.  Among  the  monkeys 
and  apes,  this  is  so  positive  that  no  one  has  ever  ventured  to 
assert  the  contrary. 

In  like  manner,  the  fossil  monkeys  of  South  America  exhibit 
the  closest  relations  to  those  species  now  living  there.  Ame- 
ghino  lias  found  the  remains  of  apes  in  the  Santa  Cruz  Miocene 
of  Patagonia,  which  are  closely  allied  to,  and  hardly  distinguish- 
able from,  the  living  Cebus  of  the  Amazonian  tropics.  They 
exhibit  no  traces  of  relationship  with  any  species  inhabiting 
Africa.  Any  direct  connection  between  the  Cercopitheeidse 
and  the  Cebidae  may  be  dismissed,  therefore,  as  utterly  unten- 
able and  unsupported  by  a  single  fragment  or  vestige  of  evidence. 
Neither  can  it  be  logically  argued  that  the  Cebidse,  originating 
in  Africa,  migrated  thence  in  a  body  to  the  New  World.  No 
assignable  reason  can  be  given  why  all  the  genera,  species,  and 
individuals  of  so  large  and  varied  an  assemblage  as  the  New 
World  apes  must  have  been,  even  prior  to  the  Miocene,  should . 
have  suddenly  quitted  the  home  of  their  birth,  without 
leaving  behind  a  single  representative  or  trace  which  would 
furnish  a  clue  to  their  former  presence  in  a  region  now  so  well 
fitted,  apparently,  for  ape  existence.  Any  such  vestige,  however, 
is  singularly  absent,  and  from  whatever  point  of  view  we  choose 
to  regard  it,  such  a  hypothesis  appears  simply  impossible. 

In  connection  with  the  evidence  which  I  have  already  brought 
forward  in  favor  of  the  North  American  origin  of  the  Edentata,  * 
a  similar  origin  for  the  South  American  Primates,  which  is  the 
only  alternative  hypothesis  conceivable,  is  placed  upon  an 
extremely  probable,  if  not  absolutely  secure,  foundation,  and  is 
entitled  to  infinitely  greater  consideration  than  any  purely  con- 
jectural origin  of  these  forms,  wholly  without  evidence  in  its 
support.  I  have  formerly  suggested  that  the  so-called  Litop- 
tema  were  direct  derivatives  of  Meniscotheriuin  of  our  Wasatch 

*The  Ganodonta  and  their  Relationship  to  the  Edentata,  Bull.  Amer.  Mub. 
Nat.  Hist.,  vol.  ix,  pp.  59-110,  1897. 
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beds,  and  I  now  farther  venture  to  helieve  that  all  tlie  Sont!i 
Anierioaii  UngnlBti-s,  includint;  the  Toxodonts.  Tj'potlieres, 
Astrftnotheres,  etc.,  are  hut  mooitied  deicendarts  of  our  Nortli 
American  Cond^ylartlis,  and  were  derived  from  the  same  region 
as  tile  Edentates  and  Primates. 

Subfamily  Aiiapt^in'orpfiinee. 
As  alread^v  indicated,  the  genera  of  this  subfamily  agree  in 
having  only  eight  teeth  in  the  lower  jaw.  It  ie  in  all  proba- 
bility not  a  natural  assemblage,  since  it  is  tolerably  clear  that 
the  miasing  teeth  are  not  the  same  in  the  various  genera.  Until 
this  is  more  fully  determined  by  better  specimeus,  the  present 
claasiticatioh   mnet  be  regarded  as  by  no  ineane   final.     The 

f;eMera  composing  this  group  can  be  distinguished  by  the  fol- 
owing  characters : 

Lower  molars  having  four  ciiRpa  on  irigon,  all  distinct-;  heol  of 
last  molar  with  four  cusps  ;  fiwt  aii'i  second  molars  not  especially 
wider  behind  than  in  front;  last  molar  lar-rcst  of  the  series: 
fourth  lower  premolar  with  moderately  strong  inlernal  cusp  and 
rudimeutat  heel ;  third  premolar  with  very  small  rudiment  of 
internal  cusp;  canine  larger  than  second  premolar  or  incisor; 
only  one  pair  of  iucisoi's  in  lower  jaw  (?) ;  superior  molara  tri- 
tubercular,  with  more  or  less  rectangular  outline  ;  interraediatf 
oUBpM  small,  but  distinct;  postero-int«riial  cusj)  wi^U  develo)>e(l  on 
crown  of  lirsl  and  second  mtilars,  but  not  disimcl  on  third. 

Was/iakiiis. 

Lower  molars  having  only  two  cusps  on  trigon  ;  last  molar 

unknown    in    type  ;  first    and    second    molars    widening   rapidly 

behind  ;  third  and  fourth  lower  premolars  without  internal  cusps; 

'  canine  larger  than  incisors;  second  premolar  absent  in  type;  two 

pairs  of  incisors  in  lower  jaw  ;  upper  teeth  unkimwn  in  type. 

Anaptarnorphtt*. 

Lower  molars  having  only  two  cusps  on  trigon,  a  vestigial 
anterior  cusp  on  first ;  heel  of  last  molar  with  three  cusps  ;  tirsl 
and  second  molars  wider  behind  than  in  front;  last  molar  not 
reduced  ;  fourth  lower  premolar  with  well-developed  internal 
cusp;  second  tooth  of  the  sericK  vestigial  and  implanted  external 
to  the  tooth  lint-  ;  superior  molars  quadritnbercular. 

yt'croleinur. 

Wiish'iklu^  h/nii/iiis  Lcidy. 
irns/ioAius  iuai/jiih  Leidy,  Coiitr.  E»t.  Faunu  West.  Terr.,  1873.  p.  128, 
Leidy's  tyjxi  of  this  jrcnus  and  species  consists  of  a  fragment 
of  a  lower  jaw  carrying  the  second  and  third  molars  so  much 
worn  as  not  to  display  the  ammjrcniciit  of  the  cusps.  Up  to 
the  ]ircs(;nt,  this  specimen  has  remained  the  sole  example  of 
the  species,  which  on  account  of  its  imperfect  representation 
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has  had  no  very  definite  standing.  Its  relationship  to  the 
Primates,  even,  has  been  called  in  question,  and  it  has  been 
thought  by  some  to  belong  to  the  Rodentia.  There  are,  how- 
ever, about  ten  individuals  represented  in  the  Marsh  collection, 
which  I  do  not  hesitate  to  refer  to  I^idy's  genus  and  species. 
The  most  conclusive  point  in  this  identification  is  found  in  the 
extra  cusp  on  the  inner  posterior  surface  of  the  trigon  of  the 
lower  molars,  the  remains  of  which  can  be  still  plainly  seen 
in  the  much-worn  molars  of  Leidy's  type.  In  one  specimen  in 
the  Marsh  collection,  there  is  in  association  with  the  lower  teeth 
a  fragment  of  an  upper  jaw  containing  two  molars,  so  that 
the  structure  of  the  teeth  can  be  made  out  with  a  reasonable 
degree  of  accuracy. 

The  complete  dental  formula  of  the  lower  jaw  is  not  known 
with  absolute  certainty,  biit  in  one  specimen  the  front  of  the 
jaw  is  sufficiently  preserved  to  render  it  highly  probable  that 
there  was  but  a  single  pair  of  incisors.     At  all  events,  if  the 

142 


Figure  142. — Right  lower  jaw  of  Washahius  insignia  Leidy  ;  side  view ; 
two  and  one-half  times  natural  size ;  drawn  from  two  specimens. 

middle  incisors  were  present  they  must  have  been  exceedingly 
small.  A  good  idea  of  the  relations  of  the  lower  teeth  can  be  had 
from  the  accompanying  ilhistration,  figure  142,  which  was 
drawn  from  two  specimens.  The  outer  side  of  the  front  of  the 
jaw  is  injured  so  that  the  lower  part  only  of  the  alveolus  for 
the  incisor  is  shown ;  this  is  seen  to  be  smaller  than  that  for 
the  canine.  Following  this  without  diastema  is  a  small  alveo- 
lus for  the  second  premolar,  after  which  come  the  double- 
rooted  third  and  fourth  premolars.  The  crown  of  the  6e(*.ond, 
figure  143,  has  a  simple  pointed  summit,  to  which  is  added  a 
small  anterior  basal,  and  a  stronger  internal  cusp.  That  of  the 
second  has  a  similar  structure  but  the  internal  cusp  is  better 
developed.  In  both  the  third  and  fourth  premolars,  the 
internal  cusp  is  placed  rather  low  upon  the  crown.  The  heel 
is  rudimental. 

The  molars  are  peculiar  in  the  composition  of  their  crowns, 
by  reason  of  the  possession  of  an  extra  cusp  situated  internal 
and  a  little  posterior  to  the  main  antero-intemal  cusp.  The 
trigon  thus  has  four  cusps,  a  condition  unknown  in  any  other 
species  of  Primate.     The  remaining  cusps  of  the  trigon  are 
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normal  in  tboir  relatious  to  tlie  crown,  the  anterior  one  being; 
distinct  in  all  the  molars.  The  heel  of  the  tirst  and  necond 
molare  has  the  tiaual  two  cusps  and  is  hut  littltj  wider  than  tlie 
anterior  portion  or  trigon.  In  the  last  molar,  however,  tlie 
heel  has  four  cnsps,  which  is  again  a  uniijne  character  among 


Imlf  tiinua  uuturnl  si 


the  Primatee.  An  outline  view  of  the  erinding  surface  of  the 
crown  of  the  last  lower  molar  of  the  left  eide,  enlarged  live 
tinies,  IB  given  in  fif^ure  144,  which  represents  accurately  the 
arrangement  of  the  cusps.     The  enamel  of  the  crowns  of  all 


FiovRB  145. — Last  two  ttaperior  molars  of  the  right  aide  of  Washakiv.* 
ioiiipxiii  Leiiiy ;  crown  view  ;  tout  times  iiatnral  size. 

Tbt  puHtero-intemal  cuHp  of  the  Beoond  molar  ia  not  represented  strong 
enon^iEh  in  tlie  ilrnwiii^. 

FIOURB  146. — Left  BQpt!rior  maxillnrvof  Wn&h'iJdus  insigais  Leidv  ;  crown 
view  ;  two  and  oue-hnif  times  nalurnl  sizp. 

the  lower  teeth  is  stronjfly  wrinkknl,  that  occiipving  the  valles 
of  the  heel  especiidly  ko. 

The  friijriiieitt  of  upper  jaw  aBsiieiated  with  the  lower  teeth, 
figure  14."),  contains  the  sccontl  ami  third  molars.  The  second 
molar  is  larger  than  the  third,  although  the  disparity  in  size  is 
not  so  great  as  in  Omomys  or  Ihmiacodon.     The  crowns  are 
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britubercular,  with  only  a  moderate  development  of  the  postero- 
internal cusp,  and  the  eingnlum  is  not  continued  lorward 
around  the  internal  face  of  trie  crown  and  does  not  develop  the 
internal  cingular  cuspule  seen  in  Omomys  and  Ilemiacodon. 
The  outer  cusps  are  slightly  flattened  externally,  and  the  inter- 
mediates are  moderately  developed.  The  enamel  is  much 
wrinkled,  particularly  that  upon  the  inner  portion  of  the  crown. 
A  second  specimen,  representing  upper  teeth,  consists  of  a 
large  part  of  the  superior  maxilla  containing  all  the  molars 
and  the  third  and  fourth  premolars,  figure  146.  It  also  exhibits 
the  alveoli  of  the  second  premolar,  canine,  and  probably  two 
incisors ;  that  of  the  first  incisor  is,  however,  very  indistinct, 
and  one  can  not  be  sure  that  it  was  actually  present.*  In  this 
specimen  the  second  molar  is  larger  than  either  the  first  or 
tnird,  which  are  subequal.  '  The  postero-internal  cusp  is  more 
distinct  in  the  first  molar  than  in  the  second  or  third.  The 
premolars  display  single  external  and  internal  cusps,  with  a 
strong  postero-internal  cingulum  tending  to  the  formation  of 
an  additional  cusp.  The  canine,  as  indicated  by  the  size  of 
the  alveolus,  is  larger  than  the  outer  incisor  or  second  pre- 
molar, and,  as  in  the  lower  jaw,  the  teeth  were  implanted  m  a 
continuous  row.  The  infraorbital  foramen  is  single  and  issues 
above  the  anterior  border  of  the  third  premolar  in  the  same 
relative  position  as  in  Hemiacodon,  The  malar  did  not  reach 
the  lachrymal,  thus  leaving  the  maxillary  a  large  share  in  the 
anterior  boundary  of  the  orbit,  which  was  enlarged. 

From  these  many  resemblances  to  the  Primates,  there  can 
not  apparently  be  any  question  of  the  affinities  of  the  genus, 
notwithstanding  the  peculiarities  of  the  structure  of  the  lower 
molars.  It  seems  to  have  left  no  modified  descendants,  how- 
ever, in  the  existing  fauna. 

Anaptomorphus  cemulus  Cope. 

Anapfomorphus  asmulus  Cope,  Proc.  Amer.  Philos.   Soc,  October,  1872 
p.  554. 

This  genus  and  species  were  proposed  by  Cope  upon  the 
greater  portion  of  a  left  mandibular  ramus  now  preserved  in 
the  American  Museum  collection,  which,  as  far  as  I  am  aware,  is 
the  only  specimen  of  this  species  known.  The  jaw  carries  the 
first  and  second  molars  and  the  fourth  premolar,  together  with 
the  alveoli  for  all  the  remaining  teeth,  eight  in  all.  The 
formula  has  been  generally  considered  to  be  two  incisors,  a 

♦  That  which  leads  me  to  suspect  the  presence  of  two  incisors  in  the  tipper 
Beriee  is  the  sharp  inward  carvature  of  the  lower  jaw  near  the  symphysis, 
giving  a  greater  transverse  width  in  this  region  of  the  month.  There  would 
thus  be  a  considerable  gap  left  between  the  outer  incisors  and  the  median 
tine.  I  think  there  can  be  little  doubt  that  this  space  was  occupied  by  a  cen- 
tral pair  of  inciBors. 
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canine,  two  premolars,  and  three  molars,  principally  for  the 
reason  that  the  alveolus  for  the  third  tooth  in  enlarged  after 
the  manner  of  ft  canine,  while  the  two  in  advance  of  it  are 
Bniall  and  hence  have  been  thought  to  repveaent  incisors.  This 
determination  is  very  probably  correct,  but  it  can  not  be 
accepted  as  tinal  nntil  the  upper  t«eth  are  fnlly  known.  The 
extreme  reduction  in  the  nnniber  of  preniolare  is  a  condition 
more  advanced  than  that  found  in  any  other  species  of  Primate, 
eitlmr  living  or  extinct,  in  the  Western  Hemisphere;  and  that 
it  should  liuvo  taken  place  as  early  as  the  Eocene  is  indeed 
remarkable.  In  agreement  with  tliie  reduction,  it  may  bfr 
noted,  however,  that  the  structure  of  the  lower  molars  it 
further  advanced  than  that  of  any  of  its  eontemporariGa  in  the 
Bridgcr.  This  is  seen  in  the  loss  of  the  anterior  cusp  of  the 
trijton  from  all  tiie  molars,  and  their  coneequent  reduction  to 
the  foiir-cnsped  stafjie.  I  have  already  called  attention  to  cer- 
tain resemblances  in  the  structure  of  the  niolai^  between 
ArutphmwvphiM  and  Kuryacndon^  hut  the  former  exhibita  ft 
grfiater  advance  in  the  modilicatiou  of  these  teeth. 

A  second  species,  A.  hommKuhia,  was  described  by  Cope 
from  the  now  famous  cranium  fonnd  hy  me  in  the  Basin  of  ttie 
Bijf  Horn,  in  1881.     This   cranium,  together  with  a  eeeonii 
Bi>ocimen  (No.  41  of  the  American  Museum  collection)  which 
1  also  discovered  in  1891,  in  the  same  region,  has  recently  been 
refigured   by  Osborn.*     These  drawings  are  beautifully  exe- 
cuted, but  it  is  to  be  regretted  that  the  skull  is  represented  hs 
complete  in  front,  which  is  by  no  means  the  case.     Osbom's 
figure  gives  the  impression  that  the  face  is  as  nincb  shortened 
and  as  reduced  as  in  the  highest  tyjx?  of  living  ape.     Cope's 
original  tigure,  in  his  Tertiary  Vertebrata,  is  far  more  accu- 
rate in  that  it  represents  tbtj  entire  anterior  portion  of  the    i 
sknll  as  miswing.     After  a  most  careful  htudy  of  the  remniii*    | 
of  this  s|)ecies  in  the  American  Museum  collection,  1  tind  my-    ' 
self  unable  to  ^ree  with  Co|>c  in  regard  to  the  dentition  of  the 
cranium  hi  question,  or  with  Osborn  concerning  the  dentition 
of  tJie  additional  8i>ecimens.     Cope  determined  the  premolar 
dentition  of  the  upper  jaw  to  be  two,  and  Osbom  gives  the 
number  of  lower  premolars  as  three.     The  facts  may  be  brieflv 
stated  as  follows:    In   the  craiuum,  there  is  evidence  of  the 
presence  of  seven  teeth ;  of  these,  three  are  undoubtedly  molars,    | 
and  the  remainder  incisom,  canine,  and  premolars ;  the  most    | 
anterior  tooth  indicated  is  represented  by  an  alveolus;  the  next    | 
is  a  pointed  singlc-rodted  tooth  separated  by  a  short  diastema 
from  tiiose  behind ;  the  two  following  teeth  arc  undoubtedly 
premolars,  with  siTiglc  external  and  internal  cusps. 

u  Eocene  PHmatee,  Bull.  Amer.  Muh.  Nat.  Hist.,  1902,  p.  200. 
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Che  element  of  uncertainty  comes  in  the  determination  of 
nature  of  the  first  two  teeth,  and  I  can  find  no  proof  that  the 
^le  pointed  tooth  is  the  canine,  as  held  by  Cope  and  Osborn. 
ere  is  certainly  no  indication  of  the  maxillo-premaxillary 
ure  to  be  found,  and  the  tooth  in  question  may  quite  as  well 
a  premolar  as  a  canine.  In  fact,  in  the  fragmentary  maxilla 
the  other  specimen  (No.  41)  fhere  is  evidence  of  a  tooth 
;h  more  than  a  single  root  in  advance  of  the  two  premolars, 

I  if  the  two  specimens  belong  to  the  same  species,  which  is 
re  than  likelv,  there  were  certainly  three  premolars  in 
;  upper  jaw.  In  like  manner  I  am  unable  to  discover  any 
iclusive  evidence  in  favor  of  Osborn's  statement  that  there 

three  premolars  in  the  lower  jaw,  together  with  a  canine 
i  two  incisors.  I  am  strongly  inclined  to  believe  that 
tre  were  three  premolars  in  the  lower  jaw,  however,  and  that 
bom's  determination  is  correct ;  but  at  the  same  time  the 
!cimens  are  not  sufticiently  perfect  to  furnish  conclusive 
K)f  of  the  fact.  Nor  can  it  be  demonstrated  at  the  present 
le  that  the  Big  Horn  and  the  Bridger  species  belong  to  the 
Lie  genus.  Upon  general  considerations,  I  think  it  most 
likely.  1  believe,  moreover,  that  the  Big  Horn  species  is  a 
)e  with  three  premolars  above  and  below,  and  that  it  is  gen- 
eally  distinct  from  the  Bridger  Anaptomorphus,  I  have 
rained  from  proposing  a  new  genus  for  this  species,  prefer- 
g  to  let  the  matter  rest  until  the  dentition  of  both  the  Big 
>rn  and  the  Bridger  forms  is  more  fully  known, 
[n  the  matter  of  the  restoration  of  the  skull,  I  can  find  no 
rrant  for  the  extremely  abbreviated  face  which  Osborn  gives 
his  drawing.  The  contour  of  the  muzzle  was  undoubtedly 
ich  more  like  that  of  Tarsins^  with  which  the  cranial  anat- 
ly  so  closely  agrees.  Apparently  very  little  consideration 
J  been  given  to  these  resemblances  between  Tarslus  and  the 
y  Horn  fossil,  which  Cope  pointed  out.     It  will  perhaps  be 

II  to  recall  them  here,  with  some  emendations  and  additions. 
ley  are  as  follows :  (1)  The  species  are  of  about  the  same 
e,  both  being  small ;  (2)  the  brain  development  is  relatively 
ge ;  (3)  the  brain  projects  well  backward  beyond  the  fora- 
m  magnum,  so  as  to  overhang  the  occiput ;  (4)  there  is  no 
fittal  crest ;  (5)  the  face  is  considerably  shortened,  and  the 
rite  are  large ;  (0)  the  canal  for  the  internal  carotid  pierces 
J  petro-tympanic ;  (7)  the  dentition  is  very  probably  tlie  same, 
th  the  exception  of  the  loss  of  one  pair  of  incisors  in  the 
eer  jaw  in  laraius  ^  (8)  the  structure  of  the  molars  and  pre- 
►lars  is  very  similar ;  (9)  the  bullae  are  much  inflated,  and  the 
bemal  wings  of  the  pterygoids  extend  backward,  so  as  par- 
lly  to  enclose  the  bullae  externally  ;  (10)  the  lachrymal 
tends  out  upon  the  face,  and  the  opening  of  the  lachrymal 
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canal  is  exteruai  to  the  orbit;  (11)  altbouah  not  positivelv 
known,  the  relations  of  the  laclirymal  and  malar  are  tne  same. 
There  are  some  dtllerences  to  be  noted,  but  tltey  relate 
entirely  to  the  aeeniiiption  of  modernized  features  on  the  pait 
of  Tarsius.  Upon  tne  whole,  the  resemblancee  are  eo  striking 
and  atrougly  marked  that  apparently  there  can  not  be  the 
alightest  question,  not  only  of  the  close  relationship  between  the 
two  forms,  but  of  the  further  important  fact  of  tneir  common 
origin.  I  have  already  suggestea  that  the  place  of  this  origin 
was  within  an  ancient  circumpolar  laud. 


FiQCSB  147. — Bight  lower  jaw  of  A'ccii>/i'mui-  Edu-ard/i  FiUiot ;  entarecd 
several  timex.     (After  FUbol. ) 

FisuRB  148,— Tbrep  lower  molBra  of  Necroiemur  Edtcardti  Filhol ;  crown 
view :  enlarged.     (After  FiDicil.) 

Nearotemur  may  or  may  not  belongin  this  series.  If  it  does, 
it  18  by  no  means  as  closely  allied  to  Tarsiua  as  the  AniOTican 

species.  It  haa  been  suggested  by  Leche  that  it  is  related  to 
the  Indrisine  Itiniui-s,  and  there  is  indeed  much  iu  favor  of  such 
ft  view.  If  one  compares  the  lower  jaw  of  .\'&c>-n/rr»iiir 
Klu-nrthK  tigiire  14T.  with  that  of  Prop>th.i'-is  illn,i.  m.i,  rlie 
resemblance  in  general  form  is  at  once  apparent.  The  loss  of 
the  vestigial  second  tooth  in  Necrolemnr  would  give  the  for- 
mula of  the  Indrisiuffi,  which  is  seven  teeth  in  the  lower  jaw, 
Necrolemur  differs  from  Tarsiua,  moreover,  iu  the  more 
advanced  condition  of  the  molars.  In  the  lower  jaw  the 
anterior  cusp  of  the  trigon,  figure  148,  has  completely  disap- 
peared, and  in  the  upper  jaw  the  molars  are  almost  fully 
q u ad ri tubercular.  Microcnirrus  m  all  probability  comes  in 
tlie  same  group,  and  when  more  fully  known  should  furnish  a 
closer  ap|»roximation  to  the  IndrisiiifB  than  Necrolemnr,  on 
account  of  the  development  of  a  mesostyle  in  the  upper  molars. 
A  further  character  in  which  Neei'ohmur  resembles  the  Indri- 
sinfe  is  the  lack  of  differentiation  of  the  anterior  teeth  into 
incisors  and  canines,  as  well  as  their  lendency  to  the  procum- 
bent position, 

Paleontological  Laboratory,  Yale  UniverBily  Museum, 
New  Haven,  Conn. 
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Art.  XIX. — Notes  on  a  New  Meteorite  from  HendersonmUey 
N.  C,  and  on  additioncU pieces  of  the  Smiihville^  Tenn.^ 
Fall ;  by  L.  C.  Glenn. 

Last  spring  Dr.  W.  H.  Jarmau  of  Nashville  added  to  the 
Jarman  collection  in  geology  here  a  stony  meteorite  which  had 
been  presented  to  him  by  Capt.  C.  F.  Toms  of  Hendersonville, 
N.  C.  The  writer  immediately  wrote  to  Capt.  Toms  asking 
for  all  the  information  he  could  give  as  to  the  time,  place  and 
circumstances  of  the  fall  or  find.  The  following  extract  from 
his  reply  contains  all  the  information  obtainable  on  these 
points.  "  About  the  year  1876,  when  I  was  quite  a  boy,  a 
meteor  passed  over  this  town  from  east  to  west.  My  father 
describes  it  as  beins:  as  large  as  a  *  wash  pot '  and  it  appeared  to 
break  into  three  pieces  near  the  spot  where  this  piece  came 
from.  It  was  very  bright,  lighting  up  the  whole  country  and 
exploded  with  a  great  roar  like  a  cannon.  In  1901  Wm.  Corn, 
a  citizen  living  near  the  place,  about  three  miles  northwest  of 
Hendersonville,  brought  this  piece  to  us  and  we  recognized 
what  it  was.  He  found  it  in  the  vicinitv  of  what  is  known  as 
the  county  home  for  the  aged  and  infirm,  probably  on  the 
land  belonging  to  it." 

The  meteorite  as  received  weighed  11  pounds  and  6  ounces. 
The  original  weight,  however,  liad  been  perhaps  two  pounds 
greater  than  this,  as  two  pieces  had  been  broken  off  before  it 
reached  the  writer's  hands.  From  one  corner  a  large  piece 
had  been  broken  oflf,  and  from  another  a  small  flake  had 
been  removed.  Concerning  these  pieces,  Capt.  Toms  says, 
"The  pieces  broken  off  were  used  to  make  an  assay  (which 
has  been  lost)  and  therefore  cannot  be  had." 

The  shape  of  the  mass  received  was  somewhat  cubical, 
though  one  face  of  the  quasi  cul)e  was  considerably  modified 
by  an  irregular  portion  projecting  above  it.  The  exact  shape 
oi  this  projecting  portion  cannot  now  be  ascertained,  as  from  it 
had  been  removea  the  larger  of  the  two  missing  pieces  above 
referred  to.  When  resting  on  a  face  that  may  very  conveni- 
ently be  regarded  as  the  base,  it  stands  0^  inches  high,  is  b^ 
inches  wide  and  5^  inches  thick.  Its  extreme  diagonal  length 
is  8  inches.  The  edges  are  all  eitlier  gently  or  acutely  rounded. 
A  considerable  portion  of  the  surface  is  smooth  and  nearly  flat, 
while  the  rest  of  the  surface  is  covered  with  irregular,  shallow 
pittings  or  undulations. 

.  The  underlying  surface  color  is  almost  black,  but  it  is  gener- 
ally obscured  by  rust-colored  areas,  due  to  weathering.  On 
broken  surfaces  it  is  seen  that  weathering  has  produced  a  rusty- 
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colored  layer  a  thirty -second  to  a  sixteenth  nf  an  iDt^li  thtcl; 
over  most  of  the  surfae*.  While  there  are  no  cracka  in  the 
oiftse,  vet  the  iuteriur  ahows  that  weatherinE  influencoB  have 
made  theiaselvcB  felt  to  some  extent  at  least  through  pruliablr 
the  entire  mass.  Freshly  broken  snrfacee  ehow  a  very  dark 
gray  mass  with  many  miniitb  nist-colored  specks  and  numeroiifi 
small  maseee  of  metallic  Inater  and  either  a  pray  or  a  light 
pyri tic  yellow  color. 

A  piece  weighing  one  and  a  half  pounds  was  removed  and 
retained  and  the  rest  of  the  mass  was  given  in  exchange  to  die 
D.  S.  National  Museum,  and  Profeesor  (J,  P.  Merrill  will 
doubtless  soon  publish  a  description  of  the  minerftlogicul  and 
other  characterB  of  the  stone.  The  fall  is  new  and  adds  one 
more  to  the  already  considerable  list  of  meteorites  known  from 
North  Carolina. 

Three  pieces  of  meteoric  iron  from  Smithville,  Tenn.,  are 
mentioned  by  Huntington*  in  his  description  of  the  find.  A 
fourth  piece  was  sent,  so  the  writer  hae  been  informed,  to  the 
IT.  8.  National  Museum.  During  the  past  year  two  ndditiouaj 
nieces  have  come  into  the  possession  of  the  writer.  They  were 
lonnd  alx»ut  forty  years  ago  at  Berry  Cantrell's,  one  mile  west  of 
Smithville,  Tenu.  The  larger  mass  weighed  3460  grams  and 
was  of  eompact  rounded  shape  and  evidently  entire.  The 
smaller  weighed  47^  grams  and  liad  had  a  porbon  removed  by 
some  one.  The  character  of  the  masses  was  similar  to  that 
described  by  Iluutington  and,  althouu^Ji  the  place  where  they 
were  found  was  not  just  the  same  as  that  where  the  previously 
reported  masses  came  from,  they  all  belong  undoubtedly  t«  the 
same  fall,  which  may  have  been  scattered  over  a  considerable 
area,  Huntington's  suggestion  of  collusion  in  these  Smithville 
finds  and  ins  regarding  tliem  as  being  really  part  of  the  Cocke 
County  iron,  do  not  seem  to  the  writer  from  his  knowledge  of 
the  cirenmstances  to  be  at  all  well  taken.  No  object  can  be 
seen  in  any  one  going  to  the  trouble  of  securing  portions  of  a 
fall,  carrying  them  several  hundred  miles  across  the  mountaiuB, 
secreting  them  forty  or  fifty  years  and  then  making  presents 
of  them  to  strangers !  The  only  reasonable  conclusion  is  that 
the  Smithville  finds  fell  near  Smithville  and  not  in  a  far  difr 
tant  corner  of  the  state. 

•  HuntiugtoQ,  O.  W.,  Amer.  Aead.  Arts  and  Sci.  Proc,,  toI.  zxiz,  pp. 
261-280,  1894. 

Vanderbilt  Umversity,  Jan,  IS,  1804. 
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Akt.  XX.  —  Periodic  Migrations  heticeen  the  Asiatic  and 
the  Ame7*ican  Coasts  of  the  Pacific  Ocean;  by  James 
Pebrin  Smith. 

The  fossil  marine  faunas  of  tlie  western  coast  of  tlie  United 
States,  of  Britisli  Columbia,  Alaska,  Japan,  and  India  are 
fairly  well  known,  especially  in  the  Mesozoic  era.  These 
faunas  are  now  similar,  uow  different  in  the  various  provinces, 
or  in  parts  of  them,  prescntin^j^  an  apparently  inextricable  con- 
fusion not  capable  of  any  rational  explanation.  But  this  con- 
fusion is  only  apparent,  for  when  studied  in  succession,  a 
regular  scheme  can  be  traced  in  the  relationships  and  diversities 
of  this  ancient  repon.  And  the  changes  that  are  noted  point 
to  changes  in  physical  geography  that  would  be  insigniticant 
in  themselves,  compared  with  continental  uplifts  and  subsi- 
dences, though  by  no  means  insigniticant  in  their  effects. 
Also  there  is  abundant  independent  physical  evidence  that 
these  changes  really  took  place,  so  they  are  in  no  sense  merely 
hypothetical. 

Briefly  stated,  the  facts  are  these.  There  is  at  present  a 
remarkable  similarity  in  the  living  marine  molluscs  of  the 
western  coast  of  North  America  and  of  the  eastern  coast  of 
Asia  in  approximately  the  same  latitudes,  and  this  similarity 
can  be  traced  back  with  certaintv  until  the  Lower  Trias,  and 
probably  even  below  that.  But  the  resemblance  is  not  con- 
tinuous, there  being  periods  in  which  the  faunas  were  unlike, 
and  these  periods  of  interruption  recur  several  times,  although 
not  regularly.  It  is  clear  that  no  migration  is  taking  place 
between  the  opposite  sides  of  the  Paciiic  now,  and  equally 
clear  that  such  migration  did  go  on  in  comparatively  recent 
geologic  time,  when  a  large  part  of  the  present  species  of 
marine  invertebrates  already  existed.  It  remains  to  state  the 
facts  in  succession,  and  then  to  show  how  the  intermigration 
must  have  taken  place,  and  the  cause  of  the  periodic  interrup- 
tions, reasoning  back  always  from  modern  conditions  to  those 
of  the  past. 

Ancient  Paunal  Relations, 

Paleozoic  time, — We  know  little  with  certainty  of  the 
faunal  geography  of  the  Paleozoic  of  the  western  coast  of 
America  except  that  during  the  Carboniferous  the  con- 
nection seems  rather  to  have  been  with  northern  Asia  than 
with  the  interior  of  North  America.  The  kinship  of  American 
and  Asiatic  forms  can  not  be  charged  to  universality  of  faunas 
or  physical  conditions,  for  we  know  that  there  was  nearly  as 
much  provincial  differentiation  in  the  marine  Carboniferous  as 
there  is  now. 

Am.  Jour.  8cl— Foubth  Sbbies,  Yol.  XVII,  No.  99.— Mabch,  1904. 
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.  Lowei'  Trias. — Tlie  wriU-r*  1ms  ftlreildy  sliowii  in  scvltiJ 
paiMTB  tlint  tiie  I^jwer  Trias  '>f  Onlifoi'iiia  and  the  Great  Basin 
shows  an  intimate  reUtioiwIiij)  to  that  of  Asia,  and  none  with 
that  of  the  Muditormneaii  region.  SrRiiy  jj**'"^™  ^"^  repre- 
Bonted  by  cloeely  allied  gpecice  on  bolii  sides  of  the  Pacific 
Ocean  that  arc  wholly  niiknown  in  Enrope  at  that  time; 
BUch  are  FUimmtfitea,  OphiKitFflg,  'Propti/cMt^s,  Lecanitin, 
Asptdlfea.  Cltfplit»,  Pseudoaageceras,  Jjs»tiria,  and  manv 
othurH,  Some  of  the  species  of  these  may  evwn  bo  identi- 
cal, hut  even  without  thiB  the  aeaociation  of  the  ^'ncra  U 
BUch  that  a  paleontolopiet  from  Asia  would  feel  himwelf  to  i>e 
perfectly  at  home  while  collecting  in  eastern  California  or  iu 
Idaho.  In  some  respects  the  relationship  of  the  fauna  of  iho 
western  coast  seems  to  he  closer  with  that  of  northern  Asia 
thftij  with  that  of  India;  for  instance,  PseudoHUffec^rmt  and 
Ussuria,  which  are  not  uuconimou  iu  the  Meekoccras  beds  of 
the  Inyo  Itange  in  California,  and  the  Ai«|ieti  Monntains  of 
Idaho,  have  never  been  found  anywhere  else  exeopt  at  Uesuri 
Bay  in  eastern  Siberia,  from  which  place  ihey  were  firet 
doscribed.  These  penera  are  probably  not  of  American  origin, 
and  most  of  them  are  of  unknown  "antecedents,-  But,  fortu- 
nately, the  geologic  history  of  some  of  these  forms  is  known. 
Opheeras,  Xeniuipia,  Xenodiaeua,  and  Hv.nmi-ites,  which 
occar  in  the  Trias  of  Asia  and  America,  chiefly  in  the  lower 
beds,  have  also  been  found  in  the  Permian  of  soutbern  Asia. 
To  this  region,  then,  we  must  look  for  the  source  of  the 
Lower  Triassic  ammonites  which  appear  as  immigrants  in  the 
American  waters,  marking  tije  first  distinel  Asiatic  invasion. 

After  the  deposition  of  the  Meekoceras  beds,  a  few  specie* 
with  Mediterranean  aflinitiei:  begin  to  make  their  appearance 
in  western  America.  Bnt  it  is  noteworthy  that,  at  this  time, 
the  Indian  still  appears  to  have  been  ent  off  .from  the  Mediter- 
ranean region.*  The  geograiihie  regions  described  by  E.  von 
MoJBiaovicst  for  the  Trias  will  hold  good  only  for  the  Ix>wer 
Trias,  and  probably  not  even  for  the  whole  of  that  period. 

Middle  Trias.— In  the  Middle  Trias  a  eertaiii  kinship  still 
persists  between  the  marine  faunas  of  western  America  and 
Asia,  though  this  may  be  due  as  much  to  inheritance  from 
similar  ancestors,  as  tu  immigration.  No  species  are  any 
loiiger  common  to  the  two  regions,  and  many  genera,  even,  are 
dinerent  on  opposite  sides  of  the  ocean.  But  at  the  same  time 
a  kinship  between  the  American  and  the  Mediterranean  fauna? 
begins  to  be  noticeable,  espc<-ially  in  the  nodose  ceratites  and 
other  members  of  the  Ccratitida?.     It  is  possible  that  during 

•Jonr.  fJpol.,  vi,  776-788,  1898;  Jour.  Geol.,  ix,  .512-^31,  1901. 

t  Arktieoht-  Triiw-Fnniieii,  pp.  147-l.W,  1886,  and  Beitr.  Kennt.  obertraid- 
ischeii  OepliBlopiHleu-Fauiien  dtB  Himalnja,  pp.  114-1".J8,  ]896. 
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tlic  Middle  Trias  a  connection  was  established  between  these 
regions  through  some  other  way  than  the  Indian  branch  of  the 
old  central  Mediterranean,  or  "Tethyp,"  but  we  have  no  way 
of  knowing  this  passiige.  It  seems  possi})le,  however,  that  it 
mav  have  l>een  thronc]rh  the  Boreal  retrion.  The  writer*  has 
already  given  a  suggestion  of  the  fauiuil  change  at  the  end  of 
the  Lower  Trias,  bjised  on  his  own  collections  made  in  Nevada 
during  the  summer  of  1002.  No  species  are  thought  to  have 
been  absolutely  identical  with  European  forms,  but  many  are 
so  similar  to  species  long  known  from  the  Alps  that  some  sort 
of  connection  is  beyond  f[Uestion. 

Upper  Trias^  SuhhiflhitHs  htds, — The  writerf  has  brought 
out  several  years  ago  the  relationship  of  the  Trias  of  California 
to  that  of  the  Alps.  Further  study,  in  iicM  and  museum,  has 
served  only  to  strengthen  this  hypothesis,  and  recent  work  in 
India  has  given  a  means  of  comparison  with  that  region,  show- 
ing that  the  same  thing  is  true  there  also. 

The  Karnic  horizon,  zone  of  Tropiten  ^uhhuUutus^  contains 
nianv  elements  common  to  the  Mediterranean  reirion  and  west- 
ern  America,  and  many  of  these  are  also  foun<l  in  India. 
Tropltcs  HuhhullatnH^  T,  lorq^Uhm^  Pt{ratropH*'i<  Srl/ai^  Enio- 
inocerdH nandluHjenH*' ^  SiKjcniUH  Ihrhlchi^  l^ohjoydus  llenseli^ 
and  Ilahybia  Sftperhn  are  connnon  in  botli  California  and  the 
Tyrolean  Alps,  and  many  other  species  are  very  closely  related, 
llifost  of  these  are  represented  in  India  l)v  forms  that  may  be 
identical  with  them,  although  complete  ]>ublication  of  recent 
geologic  exj)lorations  in  India  must  be  awaited  before  a  final 
decision  can  be  made. 

Now  it  is  well  known  that  the  Troj)itidfe  a])pearcd  as  immi- 
^2^nts  in  the  Mediterranean  and  the  western  American  regions 
in  the  Upper  Trias,  without  local  ancestors.  They  also 
appeared  at  the  same  time  in  India,  but  since  we  do  not  yet 
know  the  faunas  of  the  upper  part  of  the  Middle  Trias  in  that 
region,  there  is  still  a  j)()ssibility  that  the  Orient  may  have 
been  the  source  of  this  part  of  the  fauna,  for  it  is  highly  ])rol>- 
able  that  the  Indian  province  was  the  conntM-tion  between 
Europe  and  America.  This  Karnic  fauna,  lu»wever,  is  not  yet 
known  elsewhere  in  Asia,  and  the  only  j)roof  we  have  of  the 
migration  is  the  occurren(*e  of  similar  species  in  the  widely 
sejiarated  regions.  The  path  of  this  migration  cannot  be 
traced,  for  fossils  of  the  zone  c»f  Tropit*^H  suhhtdtatufi  are 
known  in  America  onlv  in  California,  not  havinic  been  found 
at  any  other  place  in  either  North  or  South  America. 

Upper  Trias^  JSoAc  horizon. — Fossils  of  the  Noric  horizon, 

*  CentralbUtt  ftlr  Mineral.  Geol.  and  Pal.,  pp.  680-095,  1902. 
f  The  Metamorphio  Series  of  Shasta  County,  California,  Jonr.  Geol.,  ii, 
$88-612,  1894. 
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zone  of  Pseudotmmoli«  orhotit^n,  ai'e  known  in  Alaska,  Bi-iti^li 
Columbia,  OaUfornia,  Nevada,  and  as  far  wjutli  as  the  coast  of 
Pei'u.  Pseudonwnvtia  ocholica  ig  widely  distributed  in  Silieria 
and  Japan,  and  is  probaitly  identical  with  the  Americau 
Pseudomonoii'S  niihoirciilarix.  Tliig  j^i-oupis  distinctly  Asiatui 
in  orif^iii,  and  never  reached  the  Mediterranean  waters.  Its  " 
appearance  tn  America  [niirlcs  another  Asiatic  immigration, 
but  this  time  it  came  from  the  north.  We  &ee  here  a 
reversion  to  the  conditions  of  the  Lower  Trias,  but  on  the 
Asiatic  side  the  immigrants  do  not  seem  to  have  reached  any 
further  than  to  Japan.  Tlie  vvidespread  occurrence  of  beds 
with  Pgnuiomonotit  orhotica  around  the  nortliern  shores  of 
the  Pacific  and  around  the  Arctic  Ocean  shows  a  transgreasiuu 
of  the  sea  on  what  was  forniei'ly  a  continental  border.  These 
forms  were  endemic  in  the  Boreal  region,  and  made  tlieir  way 
southward  when  the  trans^ession  of  the  sea  opimiid  the  way, 
on  both  sides  of  the  Pacific.  Of  coui-se,  this  may  not  have 
had  anythiufT  to  do  with  climate,  but  at  the  dose  of  the  Karnic 
epocb  the  fauna  of  western  America  shows  a  sudden  cltaii^e 
of  facies  from  the  Indian-Mediterranean  ciiaracter  to  that  of 
Siberia,  which  shows,  at  least  a  change  in  connections.  A 
paasage  from  the  Arctic  to  the  Pacific  was  rcot>oncd  between 
Asia  and  America,  and  the  Boreal,  though  not  ncceissarily 
cold-water,  type  came  tlirough,  malting  its  way  southward. 

Deep  water,  cutting  off  Asia  from  America,  would  have 
eeparuted  the  two  Triassic  regions  just  as  ellfectively  as  co!d 
water,  but  since  there  was  free  passage  for  the  group  of 
Paeudomonotis  oc/iotica  down  both  sides  of  the  Pacific,  it  is 
strange  tliat  it  did  not  reach  Tropical  India,  and  that  the 
Tropical  Indian  forms  ceased  tempi»rarily  to  come  to  America. 
If  such  changes  had  occurred  in  Tertiary  time  we  would  say 
without  hesitation  that  tlie  Boreal  invasion  marked  an  influx 
of  cold  water  from  the  Arctic  Ocean  through  the  open  passage 
between  Asia  and  Auienca, 

The  group  of  Pseudomonotis  oc/iotica  has  also  been  cited 
by  Suess"  from  New  Caledonia,  but  this  occurrence  is  donbt- 
fuj,  since  Botlipletzf  found  only  Monatia  aalinaria,  a  Med- 
iterranean type,  in  tiiat  region.  It  may  be,  however,  that  ia 
the  Indian  Ocean  the  Boreal  and  tlie  Mediterranean  facies 
were  temporarily  nnited,  in  which  ca.se  the  presence  of 
Paeudomonotis  oohottea  would  not  necessarily  be  a  pi'oof  of 
the  soutiiward  extension  of  a  lower  temperature. 

A  modern  instance  of  the  same  restricted  dispersion  is  seen 
in  the  occurrence  of  Purpura  lapillua  iu  the  North  Pacific. 

*  La  Face  de  la  Terre,  ii,  42y, 

fPenu-,  Trins-  uud  Jurn-Furmatiou  auf  Timur  and  Rotti  Im  indiaoheb 
Arcliipel,  p,  90. 
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This  species  is  abundant  in  the  North  Atlantic,  and  has  made 
its  w&y  through  the  Boreal  region  into  the  Pacific.  On  the 
western  coast  of  North  America,  where  there  are  no  sudden 
changes  in  the  temperature  of  the  sea  water,  this  species  has 
made  its  way  as  far  south  as  Margarita  Bay,  in  lat.  24°  N., 
mean  temperature  73°  F.  On  the  Asiatic  side  it  has  made  its 
way  through  Bering  Sea  down  the  shores  of  Kamschatka  with 
the  cold  water,  but  has  been  stopped  biiiithe  sudden  change  of 
temperature  at  Ilakodadi,  lat.  41  N.,  Japan,  mean  tempera- 
ture 62°  F.,  where  the  warm  Japan  current  mee^  the  cold 
current  from  Bering  Spa.  That  this  is  not  an  accident  of  dis- 
tribution is  shown  by  the  fact  that  PurpMra  lapillus  Jias,  in 
the  Atlantic,  a  similar  distribution,  and  for  the  same  reasons. 
On  the  African  side  it  reaches  lat.  32°  N.,  mean  temperature 
66°  F.,  and  on  the  American  side  it  is  barred  back  by  the  sud- 
den change  of  temperature  at  lat.  42°  N.,  mean  temperature 
62°  F.*  There  can  be  no  doul)t  that  the  temperature,  or 
rather  evenness  of  change  of  temperature,  controls  the  distri- 
bution of  Purpura  lapi/lft^  now,  and  it  would  seem  only 
reasonable  to  suppose  that  similar  conditions  in  the  Trias 
caused  the  unequal  distribution  of  Pseudomonotls  ochotica. 

Lias. — It  is  probable  that  during  tlic  JJas  the  southward 
migration  of  the  Boreal  type  of  animals  was  interru])ted,  for 
the  Ari^tites  group,  which  was  characteristic  of  that  epoch  in 
Europe,  is  known  in  California  and  Nevada,  as  well  as  in 
Mexico  and  South  America.  It  was,  however,  practically 
universal,  havhig  been  found  also  in  the  Indian  region,  though 
not  as  yet  from  the  Jurassic  Arctic  sea.  In  the  Upper  Lias 
the  genus  AmaltheVrS  was  widely  distributed  in  Europe  and  in 
the  Boreal  region,  but  has  not  yet  been  found  in  North 
America.  It  is  known  from  New  Grenada,  associated  with  a 
typical  Mediterranean  fauna.  It  seems  prol)able  that  the  Lias 
of  California  and  Nevada  is  merely  a  northward  extension  of 
the  South  American  type. 

Middle  Jura, — In  California  the  Middle  Jura,  like  the  Lias, 
appears  to  have  been  of  Mediterranean  type,  but  in  the  Black 
Huls  we  have  a  southward  extension  of  a  fauna  eluiracteristic 
of  northern  Europe,  and  of  the  region  around  the  northern 
Pacific  Ocean.  This  boreal  type  is  extensively  developed  in 
Alaska  and  in  northern  Siberia,  and  its  appearance  in  the 
Black  Hills  marks  the  beginning  of  another  incursion  from 
the  north. 

Upper  Jura. — The  incursion  of  the  Boreal  fauna  into 
America  which  began  in  the  Middle  Jura  reached  further 
southward  and  westward  in  the  Mariposa  epoch  of  the  Upper 
Jura,  down  through  California  to  San  Luis  Potosi  in  Mexico. 

*A.  H.  Cooke,  Cambridge  Natural  History,  iii,  p.  868,  1895. 
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This  faiiiin  is  characterized  bv  tlie  gciieiii  Cardioc&ras  itnd 
^uoe//a,whiebliafl  llieir  lidiiiti  in  imrtliern  Europe  and  nortiiem 
Siberia,  and  appeared  in  weateni  Etirope  only  sporadically  as  the 
result  of  inciirBioiis.  Pompcckj*  has  shown  in  eeveral  papers 
thtit  a  Polar  sea  existed  in  thu  Middle  and  Upper  Jura  and  Lonirr 
Cretftueous,  from  wlwh  incursions  were  made  from  time  U' 
time  into  the  more  southerly  regions,  when  changes  in  physi- 
cal googvaphy  mada  it  poseililo.  lie  hjis  also  shown  that  the 
A'tcella  fauna  liud  itis  reiil  home  \n  that  region,  where  it 
formed  a  inily  genetic  serioA,  and  that  it  apjieared  only  spo- 
radically in  other  regions,  whore  the  species  speedily  degen- 
erated and  the  fauna  becomes  oxtinet  unless  replenished  by 
another  migration. 

Tlie  Hnggcittioii  of  r-limatic  inHuenee  on  the  dispersion  of 
marine  animals  in  the  Upper  Jurassic  is  very  strong,  for  the 
Aucdla  did  not  make  its  way  into  the  ludlan  Ocoun,  although 
the  way  was  probably  open,  It  wtvit  onlv  whore  the  condi- 
tions of  ita  own  piiipor  liabitat  existed,  if  only  teniporarilv, 
Even  so  conservative  a  naturaHst  as  J.  1),  Danaf  admita  that 
in  Jui-assic  time  there  was  u  cold  eurreut  to  the  southeast  along 
the  western  coast  of  North  America,  making  poHsiblu  the 
migration  of  Aucelin  from  the  Boreal  into  warm  temporuturo 
or  even  subtropical  waters. 

AuceUa  did,  however,  make  its  way  into  northern  India, 
probably  from  southern  Russia,  during  a  time  of  extension  of 
the  sea  iu  that  dii-ectiou  in  tht:  Xinimeridgo  and  Tithonian 
epochs.:]: 

Lower  C'retaeeous. — After  the  Jurassic  beds  were  laid  down 
there  was  in  California  a  break  in  sedimentation,  aud  the  nplift 
of  the  Sierra  Nevada  took  place.  But  it  was  orogenic,  aud 
although  widespread,  it  did  not  afEect  tiie  geographic  relatious. 
for  with  the  opening  of  the  Cretaceous  the  same  northern 
types  were  still  there.  Aucella  was  still  the  most  characteris- 
tic genus,  aud  along  with  it  were  many  species  of  ammonites 
closely  related  to  Uusgian  species.  Aiteelia  crassicoUis  was 
even  identical  with  a  characteristic  Russian  fonn.  These 
Knoxville  species  were  probably  in  part  immigrants  from  the 
Boreal  region,  although  some  of  them  may  have  been  moditii'il 
descendants  from  s]>ecies  that  were  endemic  in  the  AniLTi^^ii! 

•  Ueber  AnceUen  i-te.  N.  J.  fflr  Miii.  Geol.  imd  Pal.  xiv,  348.  1901  mi 
Jura  FoBsilien  ana  Alaska,  Vvrh.  k.  u.  Mass.  Viva.  Qesell.  (St.  Petenburg). 
jtxiviii.  370,  lUOl.  The  JnroHxic  Faniiii  •^i  Cape  Flora,  Fraai  Josef  Land; 
The  Norwei-ian  North  i'olnr  Extieditioii  lyfla-lMiJG,  Scientific  Results,  p.  141. 
18»8. 

t  Hanlial  of  OeoloRV,  p.  704,  1895. 

X  S.  Nikitiu,  Bemeckuiiueii  ULt-r  die  Jnra-Alilasprnngen  dcB  HimalajMiuid 
Mittelanieiis.     Neues  Jahrb.  tiir  Mill.,  Geul.  und  Pal.,  ii,  124,  1889. 
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waters.  Before  the*  end  of  the  Knoxville  epoch,  while  the 
Boreal  forms  still  persisted,  Lytoceras  and  Phylloceras^  genera 
that  were  never  found  in  northern  Europe  and  Asia,  appeared 
in  the  Cretaceous  beds  of  the  western  coast  of  America. 
These  forms  seem  to  have  been  endemic  in  the  warm  regions 
of  southern  Europe  and  Asia,  an<l  their  appearance  marks  a 
resumption  of  interchange  between  India  and  America,  around 
the  shore-line  formed  l>y  closing  the  gap  between  Asia  and 
Alaska.  In  proof  that  the  gap  was?  really  closed,  it  may  be 
said  that  the  flora  of  the  Knoxville  beds  and  of  the  equivalent 
Kootanie  formation  appears  to  indicate  a  warm  temperate 
climate,*  which  would  mean  that  the  cold  current  from  the 
Arctic  Ocean  had  been  cut  off  bv  a  rise  of  the  land. 

During  the  Lower  Cretaceous  AneeUa  made  its  way  into  the 
Tropics,  around  the  Pacific  Ocean,  so  that  its  later  occurrence 
gives  no  evidence  of  southward  extension  of  Boreal  climatic 
conditions.f' 

Upper  ^  Cretaceous. — With  the  opening  of  the  Ilorsetown 
epoch  all  reminiscences  of  the  Boreal  fauna  are  gone,  and  the 
Tropical  character  of  the  inhabitants  of  tl.e  sea  on  the  western 
coast  of  America  is  marked.  A  close  atfinity  and  even  iden- 
tity of  species  with  the  Indian  fauna  characterizes  this  epoch. 
And  it  is  noteworthy  that  the  Puget  Sound  Ilorsetown  and 
Chico  faunas  are  even  more  closely  allied  to  those  of  India 
than  are  those  of  California,  iligration  appears  to  have  been 
fi'ee  between  Asia  and.  America,  but  the  species  did  not  all 
range  so  far  south  {Us  California,  thus  indicating  the  direction 
from  which  they  came.  Of  course,  not  all  the  marine  forms 
on  the  west  coast  of  Xorth  x\merica  came  from  Asia,  but  the 
Asiatic  portion  is  the  only  one  that  we  can  trace  to  its  source. 

The  following  species  that  occur  in  the  Ilorsetown  and 
Lower  Chico  of  western  America  are  regarded  by  Kossmat:j:  as 
identical  with  species  in  southern  India: 

JLytoceras  Kayei  Forbes. 

X. twtothtanum  Mayor. 

X. '  cala  Forbes. 

X. indra  Forbes. 

Ila mites  gluher  Whiteaves. 
Schloenharhia  inflata  Sowerby. 
Acanthoctrus  Turneri  White. 
PachydiscHS  otacodensis  Stoliczka. 

P,  ariahirensis  Stoliczka. 

Desmoceras  diphylloides  Forbes. 

♦T.  W.  Stanton,  Jour.  Geol.,  v,  599,  1897. 

f  Pompeckj,  Ueber  AnceUen  unci  AuceUen-Shnliche  Formen,  Nenes  Jahrb. 
fOr  Min.  etc.,  xiv,  848,  1901. 

X  Beitr.  Pal.  and  Geol.  Oeaterreich-Ungams  und  des  Orients,  iz,  Parts  8 
and  4,  1896. 
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besmoeeras  latidorsatum  Mtchelin. 
Puxotia  plniiulata  SuwiTby. 
Sauericerrti  Oari/eni  Bailt-y. 
Phytloceran    Whitfavtni  Kosxinnt. 

P.  I'eliedae   Miuliflin    (cited  as  the   probable 

equivalent  of  /'.  raniosum  Meek). 

BeeideB  the  above,  F.  M.  Aiidorson*  descrilies  the  follow- 
ing epecieg  from  the  lower  Chico  beds  as  identical  with  Indian 
formB :  Sehloenbar/da  propltiqua  StoHczka,  S.  llanfordiana 
Stoliczka,  Deatnoceraa  suyatn,  Forbes.  Nearly  all  these  species 
that  are  coinmou  to  the  wastern  ooaet  of  America  and  India 
ako  occur  in  Japan,  and  many  of  them  also  in  eastern  Africa. 
Tlicj  are,  then,  tropieal  or  subtropical  in  habitat.  Whether 
the  appearance  of  the  Aucella  fauna  of  the  Upper  Jura  and 
the  Lower  Cretaceous  in  the  North  Pacific  meant  cold  water 
or  not,  the  appearance  of  the  Indian  forins  in  the  aame  region 
can  only  be  mterpreted  to  mean  that  a  warm  temperatare  pre- 
vailed there  at  tuat  time,  and  that  conditions  were  oqnahle 
aroutid  the  old  shore  line  from  India  as  far  as  California. 

With  the  closing  of  the  passage  between  Asia  and  America, 
the  warm  Jaj»tn  current,  which  is  now  chilled  by  the  cold 
southwesterly  current  from  Beriug  Sea,  would  warm  np  the 
whole  coast  line  and  make  the  waters  of  western  America 
warmer  than  they  are  now.  We  also  have  evidence  that  the 
teniperatiire  of  the  liiinl  in  tlic  noflheni  lieinispliere  was 
warmer  than  at  present,  for  Heerf  has  shown  that  the  Creta- 
ceous floras  of  Greenland,  Spitzbergen  and  Alaska  contained 
cycads  and  other  forms  indicating  a  mean  temperature  of 
about  70°  F. 

Upper  Chico. — In  the  upper  Chico  horizon  (Senonian),  of 
California  and  Oregon  the  connection  with  India  £ 


cease,  and  a  path  of  migration  from  the  interior  Cretaceous 
sea  of  America  seems  to  nave  been  opened. J  Several  species 
of  pelecypods  are  identical  with  species  from  the  upper  Mis- 
souri province,  and  some  of  the  ammonites  are  closely  allied. 

^cfne. — During  the  early  Tertiary,  or  Tejon  epoch,  in 
California  we  have  no  evidence  of  any  migration  from  Asia, 
but  it  is  plain  that  a  connection  existed  with  the  Eocene  sea 
of  the  Atlantic  region.  Venericardiit  planicosta,  which  is 
abundant  in  the  Claiborne  beds  of  tlie  slates  around  the  Gulf 
of  Mexico,  has  been  found  at  a  number  of  places  in  Oregon 
and  California,  and  it  appears  to  be  more  common  in  southern 
California  than  anywhere  else  on  the  western  coast.     Other 

"Cretoceoua  DepuBits  of  the  Pacific  Coaet,  Pruc.  Calif.  Acad.  Sci.,  iii,  Ser. 
Geol.,  vol.  ii.  No,  1,  1B03. 

t  Flora  FoBsilJB  Arctica,  vi  and  vii.  1888-^)3. 

t  F.  M.  And^rauD,  Cretaoeous  Deposits  of  the  Pacific  Coast,  p.  S9,  1902. 
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species  of  this  fauna  may  be  identical  with  Atlantic  forms,  at 
any  rate  some  are  closely  related,  and  it  is  probable  that  the 
passage  lay  to  the  south  of  California. 

Miocene, — In  the  middle  Tertiary  the  passasre  to  the  Atlan- 
tic seems  to  have  been  closed,  and  there  is  no  evidence  that 
communication  was  resumed  with  Asia.  The  Miocene  fauna 
of  California  seems  to  have  been  largely  endemic,  for  no 
Atlantic  species  are  found  in  it,  and  the  only  possible  admix- 
ture consists  of  forms  from  the  south,  and  of  circumboreal 
species  that  made  their  way  down  from  the  north.  But 
towards  the  end  of  Miocene  time  the  land  appears  to  have 
risen  in  the  north,  cuttin<ij  off  the  Arctic  Ocean  from  the 
Pacific,  and  allowing  land  plants  to  migrate  from  Asia  to 
JMorth  America.  Asa  Gray*  has  shown  that  in  the  Miocene 
northeastern  Asia  and  northwestern  America  were  connected, 
that  over  those  regions  there  existed  a  flora  like  that  of  warm 
temperate  latitudes  at  the  present  time,  and  that  this  connec- 
tion persisted  almost  to  the  beginning  of  the  Glacial  epoch. 

We  have  no  evidence  that  a  mii]:ration  of  marine  inverte- 
brates  from  Asia  began  as  early  as  the  upper  Miocene,  but  they 
would  naturally  be  slower  in  their  movements  than  land'plants, 
and  consequently  would  lag  behind  them.  The  Tertiary 
uplift  of  land  in  the  northern  hemisphere  may  be  correlated 
with  the  widespread  orogenic  uplift  of  the  Coast  Ranges  on 
the  Pacific  side  of  Kortli  America,  which  in  California  and 
Oregon  is  known  to  have  come  at  the  end  of  the  Miocene, 
and  before  the  Pliocene  beds  were  laid  (hjwn. 
*  Pliocene, — There  is  good  geologic  evidence  that  the  land- 
bridge  between  Asia  and  America  still  existed  in  the  Pliocene, 
for  there  seems  to  have  been  a  constant  interchanire  of  verte- 
brates  in  that  quarter,f  in  the  Miocene,  Pliocene,  and  early 
Pleistocene.  Also  students  of  other  groups  find  it  necessary 
to  postulate  such  a  connection  to  explain  the  migration  of 
animals.  A.  E.  Ortmann;):  says  that  the  identity  of  some  of 
the  fresh-water  crustaceans  in  Siberia  and  Alaska  proves  a 
recent  connection  of  those  parts,  and  that  this  union  of  the 
continents  began  in  the  middle  of  the  Cretaceous  and  lasted 
into  the  lower  Pleistocene.  G.  M.  Dawson  §  is  of  the  opinion 
that  in  the  Pliocene  the  Pacific  coast  of  North  America  stood 
about  900  feet  higher  than  now,  which  would  be  ample  to 
connect  the  two  continents,  and  cut  off  the  cold  water  from  the 
North  Pacific.  And  we  still  have  evidence  of  this  former 
elevation  of  the  Alaskan  region,  for  in  the  Aleutian  Islands, 

•Amer.  Jonr.  Sci.  (8),  cxvi,  195,  1878. 
H.  F.  Osborn,  Science,  xi,  571,  1900. 
Proc.  Amer.  PhU.  Soc,  xli,  291,  299  and  316,  1902. 
Quoted  in  Dana's  Manual  of  Geology,  949,  1895. 
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oominonly  regarded  as  a  cbaiu  of .  new  volcanoes,  granitt- 
appeaiti  in  sovfrnl  placed.* 

At  tliis  time  tlie  mtinQt!  fauiia»>  of  Japan  and  tbe  weateni 
coast  of  Auioi-ica  begin  to  1)«  remarkably  similar,  witb  manv 
apecies  identical,  wliicb  can  only  mean  tbat  interniigration  had 
act  np  along  tbe  sbore  line.  And  tbe  identical  sjjecies  are  not 
merely  circnniboreul,  for  many  of  tbeni  Imve  never  been  found 
in  tiie  Boreal  legion.  A  list  of  tbese.  and  tbeir  geolngic  rang«, 
will  be  found  on  tbe  table  on  jia^e  229. 

Tbo  rise  of  tbe  land  in  tbe  nortbcrn  bi;[nii4pli<<re,  as  sliown 
by  tbe  distribution  of  land  and  fresb-water  aniinalt!.  would  cut 
on  tbe  iM)Utli\v8i'<i  cold  current  from  tbe  Arctic  Sea,  ami  pre- 
vent tbe  chilling  of  the  Japan  current  sontb  of  Bering  Sea. 
The  Japan  current  would  then  warm  ibe  sboree  of  Alaslca. 
and  produce  a  mild  temperatnru  along  tbe  old  shore  line  from 
Japan  to  Ualifoinin.  Tliat  it  did  so  it*  ehowii  by  tbe  siiiiilarity 
of  tbe  Pliocene  fjiiinas  of  tlje  two  now  separated  regions.  At 
first  there  waw  natnrallv  a  mixture  of  Boreal  and  Japaneso 
forms,  for  L).  Bmunaf  fias  ebown  tbat  tho  Pliocene  of  Japan 
ie  related  to  tbo  '*Crag"  of  England ;  and  the  upper  Pliocene 
of  California  appears  to  indicate  a  teinperatnro  of  tbe  eea-walcr 
eoniewbat  lower  than  at  present  At  any  rate,  it  is  clear  that 
the  climate  around  tbe  North  Pacific  iu  PIio('ene  time  was 
merely  temperate;  this  is  shown  by  tbe  fact  that  while  we 
have  an  immigration  of  Japanese  species,  no  Indian  forms 
came  witb  tbern,  as  tbey  did  in  tbe  Upper  Cretaceous,  when 
tbe  climate  appears  to  have  been  subtrrfpical. 

Pieiitocene  and  Recent  Faunal  lielationt. 

San  Pedro  epoch. — With  the  beginning  of  tbe  Pleistocene 
tbe  same  conditions  existed  as  in  tbe  upper  Pliocene.  Japanese 
species  8till  abound  in  tbe  marine  fauna,  and  tbe  character  is 
still  Bomowbat  boreal,^  wbicb  may  be  due  to  a  survival  of 
forms  that  came  in  dnring  tbe  colder  Pliocene  epoch.  The 
land  connection  with  Asia  still  existed,  and  free  exchange  of 
land  animals  between  Asia  and  America  still  went  on. 

As  tbe  waters  of  tbe  Californian  coast  gradually  became 
warmer,  Mexican  species  began  to  creep  nortliward,  and  in  tbe 
upper  San  Pedro  fanna  we  find  a  number  of  species  tbat  now 
live  only  in  the  Tropics,  and  have  become  extinct  on  tbe  Cali- 
fornian coast.SJ     This  does  not  mean  that  connection  with  Japan 

•J.  E.  Sparr,  U.  S.  Gfit.  Siirvev, 'aOth  Ann.  Rept.,  P.irt  vii,  234,  1900. 

t  Ge'>lo«v  of  tlif  Kiiviniiis  of  Tokio,  Heiti.  S.'iei.cu  Dept. ,  Univ.  of  Tokio. 
No.  4.  pp.  "1-^3,  1881. 

t  Delofl  ami  Ralph  Amolil.  The  Mftiine  Pliocene  miii  Pleistocene  Strati- 
graphv  iif  the  ciwint  o£  Southern  Cftliforuia,  Jonr.  Genl.,  vol.  i,  No.  2,  pp. 
117-138(11)02). 

j;  Ralph  Arnold,  Uem.  Unlit.  Arad.  Science,  iii.  20  et  seq.,  1B03. 
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was  cut  off,  but  that  the  continuation  of  the  conditions  that 
allowed  Japanese  species  to  mie^rate  to  California  finally  allowed 
marine  animals  to  make  tlieir  way  up  the  coast  also. 

Glacialists  postulate  an  elevation  of  the  land  in  the  northern 
hemisphere,  in  the  period  preceding  and  during  the  Glacial 
epoch ;  this  undoubtedly  cut  off  the  migration  of  land  animals 
and  plants  between  Asia  and  America.  When  this  affected 
intercommunication  along  the  shore-line  we  do  not  knowj  but 
after  the  close  of  the  San  Pedro  epoch  the  Asiatic  immigration 
ceased,  and  also  the  subtropical  elements  of  the  marine  fauna 
of  California  became  extinct.  With  the  subsidence  following  the 
Glacial  epoch  conditions  returned  to  the  normal,  and  intermi- 
gration  with  Japan  was  not  resumed.  It  was  too  cold  for  the 
perpetuation  of  the  warm-water  species  from  the  south,  though 
not  too  cold  for  the  Japanese  species  to  live  on  in  the  Califor- 
nian  waters.  But  the  Asiatic  colonists  in  America  were  not 
replenished  by  immigration  from  the  mother  country,  and 
those  that  are  found  in  the  C-alifornian  province  are  merely 
survivors. 

Relations  of  the  liviiuj  faunas  of  the  vest  coast  to  that  of 
Japan, — The  table  on  page  229  shows  the  living  species  that 
are  common  to  the  western  coast  of  North  America  and  the 
Japanese  province.  The  number  of  species  is  very  large, 
especially  when  we  consider  the  fact  that  they  are  in  different 
zoologic  regions,  and  separated  by  more  than  five  thousand 
miles.  Migration  of  shore  forms  can  not  possibly  be  going  on 
now,  for  while  the  distance  is  no  bar  to  them,  the  deep  water 
at  the  end  of  the  Aleutian  chain  of  islands  would  effectually 
check  all  passage  in  either  direction.  And  the  sudden  changes 
in  temperature  through  which  marine  animals  would  have  to 

Eass  are  an  equally  eifectual  barrier.  We  have  seen  already 
ow  even  a  circumboreal  species,  as  Purpura  lapillus^  is 
checked  in  its  southward  passage  where  the  cold  current  from 
Bering  Sea  meets  the  warm  Japan  current.  Such  changes  are 
even  more  impassable  to  warm-water  species. 

In  the  present  similarity  of  the  marine  faunas  of  Japan  and 
the  western  coast  of  America  we  have  an  example  of  provinces 
that  were  recently  connected,  but  which  are  now  se})anitcd  by 
deep  water  and  by  differences  of  temperature  in  between, 
while  the  conditions  still  remain  similar  in  the  two  provinces. 
This  separation,  however,  has  existed  long  enough  for  some  of 
the  species  to  have  become  differentiated  by  evolution,  for 
some  to  have  become  extinct  in  one  province  while  still  living 
in  the  other,  and  for  the  total  faunas  to  have  become  much 
changed  by  immigration  from  other  regions. 

At  first  sight  it  would  seem  that  the  intermigration  of  the 
marine  faunas  has  been  more  recent  than  the  exchange  of  the 
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land  animals  and  plants  between   Asia  and   America.     And 
indeed  thin  may  be  so,  for  a  subsidence  that   would  cut  off 
effectually  all  land  or^nisms  might  not  interfere  with   tbe 
migmtion  of  marine  animals  livinj^  at  moderate  depths.     For 
instance,  I/alioti/i,  a  distinctly  Asiatic  t^^^,  is  not  known  on 
the  west  coast  of  America  before  the  upper  San  Pedro  epoch, 
and  has  now  made  its  way  southward  below  California.     On 
the  other  hand,  we  must  remember  the  conservative  character 
of  marine  faunn«.     Where  in  the  land  Pleistocene  fannas  most 
of  thu  species  have  l>een  replaced'  by  otliere.  of  the   marine 
Pleifitncene  auimals  only  a  very  small  ]jercentage  has  become 
extinct.     We  must  also  note  that,  of  the  f;pecies  now  common 
to  the  two  sides,  a  large  proportion  is  known  to  have  existed 
in  Tertiary  time,  and  probably  nearly  all  in  Pleistocene.     In 
the    time   that   has   elapsed    since   the   two   province*    were 
segwrated,  Lucina  acutUincata,  which  abounded  during  the 
Pliocene  in  both  Japan  and  California  and  is  stilt  living  in 
Puget  Sound,  has  1>ecome  extinct  in  Japan.     M^a  arenari^^ 
also  abundant  in  the  Pliocene  in  both  provinces,  has  becoonn 
extinct  in  California,  while  it  still  pet^iste  in  Japan.     It  has^^ 
however  been    introduced   ariiticially  late  in   th«  ninoteentbfl 
century  and  now  abounds  in  most  of  the  bays  on    the  waa^ 
coast.     On  the  Alaskan  coast  Mya  arenana  did  not  lieoouaM 
extinct,  though  it  did  not  make  its  way  down  to  Californiai 
It  is  also  probable  that  I'eoteii  arurinus  on  the  west  coast  and 
P.  jesaoensis  in  Japan  have  become  differentiated  from  their 
common  ancestors. 

All  this  points  to  a  rather  ancient  sepamtion,  not  later  than 
the  npper  San  Pedro  eiJOch,  at  which  time  the  warm-water 
fauna  came  up  from  the  south,  and  never  reached  Japan. 

Summary. 
Present  physiography. — The  living  faunas  of  the  Japanese 
province  and  of  the  western  coast  of  North  America  are  ratber 
closely  allied,  with  a  large  number  of  species  in  common,  and 
they  live  under  approximately  the  same  conditions,  although 
they  are  in  widely  separated  regions.  Between  them  lies  a 
stretch  of  shore-line  running  up  to  lat.  6l.i°  N.,  around  the 
southern  shores  of  Alaska  and  the  Aleutian  Islands,  but  inter- 
rupted by  the  deep  channel  east  of  Kamchatka.  Also  there  is 
a  great  difference  of  temperature  between  them.  The  warm 
Japan  current,  with  nii  average  maximum  temperature  of  S6° 
F.,  flows  past  Japan,  swings  to  the  northeast,  south  of  the 
Aleutian  chain  towards  America,  and  parts  off  Puget  Sound, 
one  brancil  flowing  northwestward  along  the  Alaskan  coast, 
and  the  main  branch  southeastward  down  towards  California. 
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Bnt  ID  lat.  42"  N.,  off  Hakodadi,  Japan,  it  is  met  by  the  cold 
cnirent  from  Bering  Sea  along  the  coast  of  KameLatka,  and 
from  there  on  the  corrent  ie  merely  temperate,  being  reduced 
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to  about  60°  F.  It  tempers  the  Alaskan  waters,  but  makes  the 
waters  along  the  shoreB  of  California  colder  than  thov  should 
bis,  as  cottipftrcd  with  siaiilar  latitude's  elsewhere.  Tfieso  cur- 
rorits  have  been  fully  described  by  PTOfeseor  George  David- 
son,* wiio  has  niaile  many  hydrographic  iiivcstigations  in  thai 
region ;  and  l)y  Dr.  W.  H.  Dall,f  who  verified  much  of  the 
work  of  Professor  Davidson,  Inil  showed  that  there  was  no 
northward  branch  of  the  Japan  current  extending  up  into 
Bering  Sea, 

At  present  the  nii^rration  of  shallow  water  species  is  stopped 
by  the  depth  of  the  channel  at  the  und  of  the  Aleutian  chain, 
and  al«o  by  the  cold  water  that  extends  southwestward  from 
Bering  Sea.  But  a  rise  of  200  meters  wmiW  close  Bering 
Strait,  and  about  one-half  of  Bering  Sea,  giving  a  shoreline 
coinciding  approximately  with  a  great  circle.  It  would  then 
leave  the  Aleutian  chain  as  a  long  naiTow  peninsula  reachinit 
out  from  Alaska  towards  Siberia,  eeparateo  from  Kamchatka 
by  a  rather  narrow  but  deep  channel ;  while  the  inuJiilaDd  of 
Alaska  and  Siberia  would  be  united  by  a  broad  hind-bridge. 
This  change  in  the  height  of  the  land  would  cut  off  all  influs 
of  cold  water  from  the  Arctic  Sea,  and  the  Japan  current,  not 
being  chilled  by  cold  water  from  Bering  Sea,  would  still  be 
worm  along  the  Aleutian  Islands  and  the  Alaskan  coAst,  and 
no  doubt  the  tempering  effect  would  lie  felt  even  as  far  south 
aa  Oftlifomia.  A  rise  of  2,000  meters  would  !iot  connect  the 
Aleutian  chain  with  Kamchatka,  but  at  least  would  give  a 
stretch  of  shoal  water  along  which  migration  would  be  easv 
for  shore  forma.  In  any  case  there  would  be  a  shore  line  witli 
tempei'ate  or  wai'ui  water  idl  tiie  way  from  Japan  to  California. 

"W  bile  it  is  not  likely  that  the  land  in  the  northehi  part  of 
the  Pacific  ban,  in  recent  geologic  times,  stood  2,000  meters 
higher  than  now,  it  has  certainly  stood  several  hundred  feet 
higher,  and  whether  much  or  little,  we  know  from  the  migra- 
tions of  land  plants  and  animals  between  Asia  and  America 
that  there  has  been  a  land-bi-idge.  Now  in  any  case,  whether 
in  the  present  or  in  the  past,  similar  contemporaneous  faunas 
mean  similar  conditions,  and  identical  species  mean  immigra- 
tion fi-oni  one  region  to  the  other,  or  fnun  a  third  region  to 
both.  In  the  case  of  Japan  and  the  west  coast  of  America  the 
only  outside  region  that  can  have  furnished  elements  to  both 
is  the  Boreal  region,  and  circumboreal  species  in  both  prov- 
inces are  well  known.  But  a  large  majority  of  the  species 
now  common  to  both  provinces  are  not  circumboreal.  Thns 
intermigration  is  the  only  witisfactory  explanation  of  the  pre- 

*  Report  Slipt.  U.  S,  GeoiJefic  Survey,  18(17.  Apiiemlii  Ni..  18,  p,  203,18QB. 
t  Rept,  Supt.  U.  S.  CoBBt  and  tieud.  Survey  for  lySO,  Appendix  No.  1«,  p. 
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sent  distribution  of  most  of  tlie  species  that  are  common  to 
Japan  and  California.  • 

tlnlike  species  living  contemporaneonsly  in  similar  condi- 
tions can  only  mean  separation  by  physical  barriers ;  these  to 
the  marine  shore-animals  are :  a  land-mass ;  deep  water ;  or 
great  difference  of  temperature  in  between.  The  two  latter 
are  the  only  barriers  tbat  can  ever  have  been  interposed 
between  Japan  and  the  west  coast  of  America,  and  a  rise  of 
200  meters  would  remove  both. 

The  hypothesis  of  former  miijjration  around  the  Alaskan- 
Aleutian  shore-line  explains  satisifactorily  the  close  relationship 
between  the  living  marine  animals  of  Ja])an  and  (California, 
while  the  present  interruption  and  the  length  of  time  during 
-which  it  has  persisted  exj)lain  the  unlikcness  of  the  greater 
part  of  the  two  faunas.  A  periodic  recurrence  of  this  inter- 
ruption accounts  for  the  ]>eriodically  recurring  unlikeness  of 
faunas  of  these  two  provinces  in  the  past,  and  also  for  the  fact 
that  the  successive  faunas  of  (California  do  not  form  a  genetic 
series,  Imt  rather  one  showing  periodically  diverse  origin  and 
characters.  With  this  in  mind  we  can  find  out  where  the 
successive  migrations  came  from,  and  why  the  present  fauna 
shows  such  a  commingling  of  forms  derived  partly  from  Asia 
and  partly  from  the  more  southerly  regions  of  America. 

Pa^f  phl/siOffrajf/if/.  —  Thii  old  idea  of  uniformity  of  climate 
all  over  the  earth  before  the  Tertiary  period  still  remains  as  an 
undercurrent  in  the  minds  of  geologists,  and  stands  in  the  way 
of  any  theory  that  acee])ts  the  influence  of  <liiferences  of  tem- 
perature in  causing  faunal  differences  in  the  past.  Stanton* 
denies  that  the  chanije  of  diameter  of  the  Cretaceous  fauna  of 
the  west  coast  at  the  end  of  the  Knoxville  epoch,  from  the 
Boreal  to  the  Indian  type,  can  be  attributed  to  change  in 
climate.  Others  have  criticized  Neumavr's+  theorv  of  climatic 
zones  in  Jurassic  and  Cretaceous  times,  and  there  can  be  no 
doubt  that  Neumavr  carried  his  theories  entirely  too  far, 
reconstructing  ancient  physical  geography  on  very  little  evi- 
dence. But  the  fact  that  iVenmayr  was  mistaken  in  many 
tilings  is  no  argument  that  the  principle  was  wrong,  ^^o 
doubt  geographic  connections  and  presence  or  absence  of 
opportunities  for  free  intercommunication  were  of  just  as 
great  importance  as  differences  of  temperature  in  governing 
the  distribution  of  faunas  in  the  past,  iis  well  iis  now.  But  it 
will  not  do  to  leave  climate  entirely  out  of  the  reckoning. 

The  assumption  of  a  uniform  temperature  over  the  earth 
before  the  Tertiary  period  rests  on  an  insecure  basis.     If  any 

•  Jonr.  Geol.,  v,  598,  1897. 

t  Elimatische-Zonen  wfthrend  der  Jura-  und  Kreidezeit.  Deuksohr.  k. 
Akad.  Wise.  Wien,  zlvii,  1883. 
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forijier  climate  was  uniform,  it  must  liave  lieen  warm,  and  the 
tempgrature  must  have  been  warmer  the  further  we  go  back 
in  geolo^c  biHtory.     AnJ  ytit  we  have  evidonuo  that  the  teni- 

terature  wag  not  uiiifonii  even  in  the  Paleozoic.  It  ifi  well 
nown  tliat  over  parts  of  India,  Australia  and  Soiith  Africa 
there  is  good  evidence  that  there  was  a  Permian  glacial  epoch, 
while  we  know  from  abundant  contemporary  floras  in  other 
parts  of  the  earth  that  this  glaciation  van  not  iinivereal.  In 
South  America  in  the  same  iatitndGs  as  the  glaciated  region  of 
the  Orient  there  does  not  appear  to  have  heen  a  cold  period. 
In  this,  then,  we  have  proof  that  there  was  great  diversity  of 
climate  even  in  the  Paleozoic  era. 

Now  it  would  he  absui-d  to  account  for  the  diiference 
between  the  cold-water  faunas  of  California  in  the  Pliocene 
and  lower  San  Pedro  formations  and  the  warm-water  fauna  of 
the  upper  San  Pedro,  and  the  contrnst  between  the  latter  and 
the  preBent  cooler  water  fauna  of  tlie  California  coast,  on  any 
other  hypothesis  than  differences  of  temporatnre.  For  all  thifi 
is  based  on  species  that  are  still  living,  where  we  know  the 
exact  conditioua  of  guogmphic  connection  and  temperature 
under  which  they  live,  and  by  which  their  distribution  is 
governed.  These  differences  of  temperature  are  alight,  and  the 
changes  in  physical  geography  that  caused  them  are  insi^ifi- 
cant,  thougri  far-reaching  in  their  effects.  AJl  this,  of  course, 
applies  only  to  the  shore  lines  affected  by  the  marine  corrents, 
and  does  not  necessarily  hjivo  unytbiiig  to  do  with  continental 
climates. 

It  would  seem  equally  rational  to  explain  similar  distribntion 
in  the  past  by  the  same  hypothesis.  The  faunal  relations 
between  western  America  and  eastern  Asia  from  the  Trias  to 
the  present  were  the  same,  Asiatic  facies  alternating  with 
periodically  recurring  invasions  of  the  Boreal  type.  If  differ- 
ences of  tcniperatni-e  can  account  for  the  connections  and 
separations  of  the  living  faunas,  they  must  be  taken  into 
account  in  explaining  similar  connections  and  separations  in 
TertiaiT,  Cretaceous,  and  even  Jurassic  and  Triassic  times. 

On  Aomotaxis. — The  similarity  of  the  fossil  faunas  of  the 
Orient  to  those  of  the  west  coast  of  America  is,  indeed,  sur- 
prising, but  not  more  so  than  that  of  tiie  living  faunas  of 
Japan  and  the  Californian  province.  It  is  important  in  the 
correlation  of  these  deposits  to  determine  whether  they  are 
really  synchronons.  Ever  since  Huxley*  cast  doubt  upon  the 
simultaneous  occurrence  of  the  same  faunas  in  widely  separated 
regions,  geologists  have  l>cen  inclined  to  assume  that  this  simi- 
larity is  good  proof  that  they  were  not  really  synchronous. 
But  we  know  that  the  present  faimas  of  Japan  and  the  Cftli- 
•Qnart.  Jour.  Qeol.  Soc.,  London,  xviii,  40-54,  1803. 
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fornian  province  are  synelironous  and  fiimilar,  with  many  iden- 
tical species,  altliougli  they  are  in  different  geographic  regions. 
And  there  is  no  more  reason  to  assume  that  tlie  similar  Jileso- 
zoic  faunas  of  the  two  regions  were  not  synchronous  than 
there  is  for  the  present  time.  The  modern  instance  shows  that 
they  may  just  as  well  have  been  synchronous  as  not. 

Biologists  are  often  sceptical  as  to  identity  of  species  in 
separated  regions  in  the  past,  on  the  ground  that  the  criteria 
for  determining  fossils  are  not  so  exact  as  those  applied  to 
recent  forms.  But  this  is  also  fallacious,  since  the  recent 
shells  of  Japan  and  California  have  been  subjected  to  most 
careful  examination  by  critical  conchologists,  and  many  species 
found  to  be  identical.  There  is,  therefore,  no  presumption 
against  the  identity  of  similar  species  in  the  two  regions  of 
Cretaceous,  Jurassic,  or  even  Triassic  age. 

On  the peniHWrnce  of  the  nh ore-line, — The  marine  sediments 
and  their  fossils  around  the  North  Pacific,  from  the  Trias  on 
to  the  present  time,  show  that  the  shore-line  has  been,  during 
all  that  time,  a)>proximately  as  it  is  now.  There  is  no  reason 
to  theorize  about  great  changes  in  physical  geography,  when 
such  a  simple  matter  as  the  periodic  opening  and  closing  of 
Bering  Strait  by  rising  and  sinking  of  the  land  in  that  (juarter 
will  account  satisfactorily  for  all  th(^  changes  in  character  and 
distribution  of  the  marine  faunas.  E.  Ilaug,*  in  his  studies  of 
the  distribution  of  Mesozoic  formations  and  organisms,  has 
invented  the  theorv  that  durin<j  Mesozoic*  time  a  a:reat  conti- 
iient  existed  where  the  Pacific  Ocean  now  is.  Whatever  may 
be  true  of  the  rest  of  that  <^cean,  there  is  no  necessity  for  sup- 

fosing  a  continent  to  have  existed  formerly  in  the  Korth 
Wific,  when  all  the  facts  may  be  explained  more  easily  on  the 
liypothesis  of  the  permanence  of  the  shore-line  ai)i)roximately 
as  it  is  now.  This  has  nothing  to  do  with  the  general  propo- 
sition of  the  jxjrmanence  of  continental  plateaus  and  oceanic 
basins,  but  merely  proves  a  i)articular  ('ase,  and  suggests  that 
some  of  the  ancient  oceans,  that  are  to  be  found  on  maps  j>ur- 
porting  to  represent  the  former  continents  and  suas,  may  be 
only  epicontinental  seas. 

*  Les  GeoBjncliiianx  et  lea  -Airies  contiiieutalea.     BuH.  Soc.  Geul.,  France 
(3),  xxviii,  646. 
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Art.    XXI. — Tritidtea,*    a    Nfic    Gi-nn-s  of   ('arhtmiferom 
ForOfmintfers  ;\  by  Geo  bo  e  II.  Gibtv. 

When,  in  the  course  of  preparing  a  report  on  the  Pei-miau 
faaua  of  the  Gaadulupu  Hountoiue,  reniiio  to  etudy  the  opeciett 
described  bv  Shnmord  as  Piisrdina  elojtgaia,^  my  attention 
wai*  euga^d  by  a  structural  difference  of  some  mark  betwtvii 
it  and  the  form  from  tlie  Coal  Measures  strata  of  the  Missis 
sippi  Valley,  commonly  identified  as  Fn»uUna  cylindrica.  I 
was  coiiseqnently  led  to  consider  the  structure  of  tj'pieal  Ffi*u- 
litut,  and  found  that  the  Guadalnpian  specie^;,  and  not  the 
common  Pennaylvanian  one,  agreefi  with  the  Rnseian  fonn. 
The  discriminating  character  wliich  in  shown  by  FiBt:her-de- 
Waldheim's  orij^nal  figures  of  Fusullna,  by  gj)ecimeiie  from 
Russia,  and  hy  most  figures  and  descriptions  in  mauaalfi,§  etc., 
resides  in  the  partitions  which  soparato  adjacent  ctiamberfl  iji 
the  same  concentric  series. 

As  is  well  known,  eaeli  eharalwr  is  formed  by  a  narrow  pro- 
tougation  of  the  outer  wall  in  the  direction  of  revolution,  UA- 
lowed  by  a  sharp  defiection  toward  the  axis  to  meet  the 
volution  below.  The  partition  thus  formed  is  not,  howerer. 
complete,  minute  apertnree  being  left  along  its  lower  iuaiviB.[ 
la  true  PumtUna  this  partidon  wall  ie  strongly  and  refrnw^ 
fluted  in  a  radial  direction,  and  the  arrangement  is  sncli  that 
the  concave  flexures  of  one  partition  are  opijosite  the  convex 
flexures  of  the  next,  the  approaching  curves  coming  in  contact 
more  or  less  precisely  along  a  line.  Thus  what  would  otlier- 
wiae  have  been  a  single  long  chamber  extending  unobstmcteti 
from  end  to  end,  is  divided  mto  a  large  number  of  chamberlets. 
These  are  usually  quite  regular  and  nave  the  shape  of  prisms 
with  subrhombic  aeetiou.  The  regular  fluting  of  the  partitions 
is  often  well  shown  by  the  aperture,  but  no  intimation  of  it  is 
conveyed  by  the  straight  depressed  sutures  which  prominently 
mark  the  external  surface.  Apparently  the  fluted  structure  is 
not  introduced  until  just  after  the  wall  has  assumed  a  radial 
direction,  when  it  is  concealed  by  the  overlap  of  the  suceeed- 

•From  In'lu-iiin,  a  grain  of  wheot. 

t  Pabliahed  by  perujieeiou  of  the  Director  of  the  U.  S.  Qeolojjical  Snrvej. 

iSt.  Lotii»  Acad.  Sti.,  Trmia.,  vol.  i,  18FiB,  p.  3«ei. 

§  Ah.  fuT  instance,  on  p.  31  ot  Stcinrannn  siid  Di5derlein'a  Elementa  clet 
Pftianiit,'!  .7i.-  'I  -ir.7i'.-    I^Wt).    i-Ti   |,    MM    ..f  Z-H-r-    Hnii.ibnph  der  Pttlfen- 

tol.j;;i..    i--\     i.M II.    ,     ..     i-:r,    |H~ ■;■.'  ijfZittel'a  Textbook 

of  I'.i'  ■  .        .1  I   ■■.        .     .    i^niof  Nicholson  luid 

Lj-il-',!  i    .         .      I   .         -  I       .       jii  imd  LondoD,  1889), 

e^^.     ^' ■     ■<'■-      ■■■-■■■     ■!   ):i.--   I     1  !!■      !■     M  ■:!  ■■Im-ihi.   lis   Vemenil,   and 

Kpj-8erliii>;.  v..l.  ii,  1N-t.-|,  jil.  i,  lik'   U. 

I  Indicated  by  tlie  fmqnent  fniiure  of  the  partition  wslU  to  extend  to  lh« 
preceding  rulation. 
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ing  wall.  Let,  however,  tlie  outer  wall  be  removed  by  weatb- 
erinc  or  by  artificial  means,  and  the  surface  is  seen  to  be  very 
regiilttrly  divided  into  rlioiiil>s,  whicli  the  eye  naturally  follows 
in  spiral  rows. 

In  the  form  from  the  Mississippi  Valley  for  which  the  name 
Triiicites  is  proposed,  the  partitions  are  for  the  most  part 
straight,  and  not  fluted  exoopt  in  the  immediate  vicinity  of  the 
axis,  60  that  the  greater  portion  of  each  cbamher  is  not  divided 
into  chamberlotfi.  There  is  also  a  slight  formal  difference 
Itetween  TfltlmU-s  and  Fusulina,  since  the  former  seems  not 
to  occur  in  the  elongate  subcylindrical  sliapes  often  found  in 
the  latter.  TritieiU-s  is  usnaJly  suhglolMJse  or  spindle-shaped, 
but  as  Fvsvlina  likewise  develops  these  forms,  configuration 
is  of  but  limited  importance  in  discriminating  the  two  genera. 


Trana verse  sectioo. 


LcinpludinHl  m 


Externally  they  will  many  times  look  ahnost  precisely  alike, 
except  for  the  aperture,  whicli,  if  exposed,  will  at  once  serve 
to  distinguish  them.  In  weathcTOd  specimens  tlie  lonij  almost 
parallel  lines  of  the  partitions  in  Tritlcitfi'  are  in  marked  con- 
trast to  the  reticulation  formed  by  these  structures  in  FiisuUmi. 
Transverse  sections  in  the  two  genera  are  sometimes  nearly 
alike.  In  each  case  a  spiral  wall  is  seen  from  wliicli  in  Triii- 
cites simple  projections  extend  at  regular  intervals  tnward  the 
center,  reaching  in  sijiiie  caries  nearly,  and  in  otliers  com- 
pletely, to  the  preceding  volution.  This  is  well  shown  by  fig. 
1,  which  represents  Ttdii^iUn  sifcat Icus.  A  transverse  section 
tlirough  FusuUna  pix'sents  a  similar  appearance,  save  that  the 
partition  walls  are  freijuently  represented  by  looped  or  forked 
lines,  instead  of  by  simple  ones.  The  radial  walls  are  seen  in 
many  cases  to  be  iucomplete,  and  it  is  probably  by  means  of 
the  apertures  thus  left  that  conmiunication  between  succeed- 
ing chambers  was  maintained.  In  longitudinal  section  the 
difference  is  more  apparent.  The  concentric  walls  of  Fusv>- 
^«na  enclose  between  them  lines,  sometimes  straight,  sometimes 
cnrved,  often  loop-shaped,  which  are  the  edges  of  the  inter- 
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■eectwl  fluteii  partitions,  the  direction  of  wliicli  is  seldom  the 
Bftiiie  KK  tliat  of  the  eectiou.  Iii  longitudinal  eertions  of  Triti- 
cU^  thore  extonds  along  the  axial  lino  a  band  of  anastomuKiiig 
walls,  Botncliinw  coustitutiiig  a  more  oi-  less  regular  network, 
but  uunally  dfeordered  and  coiifased.  Aside  from  tliis  the 
space  between  the  concentric  walls  over  the  median  and  larger 
portion  of  the  volutions  is  uninterrupted,  except  a»  eoiuc 
irregularity  purmits  the  section  to  cut  one  of  the  longitadiDal 
^rtitioiis.  Fig.  9  represents  a  longitudinal  section  through 
Triticites  necaiieus.  The  undivided  cliamborB  are  well  shown 
in  this  section,  and  the  wrinkled  partitions  near  the  euds  of 
each  ciiarabor,  which  by  their  recurrence  produce  a  band 
through  the  axis.  This  differen<'e  in  longitudinal  section 
would  probably  escape  no  trained  observer,  bnt,  its  sigaiticancc 
can  be  appreciated  only  when  interpreted  in  terms  of  the  com- 
plete organism. 

The  uiinutv  wall  structure  of  Triticttcs,  though  it  does  not 
»eetu  to  differ  from  iJiat  of  J^usu/ina,  deserves  to  be  noticed. 
The  wall  in  these  shells  is  composite,  appan>ntly  consifiCing  of 
two  substances^of  different  character,  or,  at.all  events,  of  differ- 
ent density.  Thus,  when  thin  seetions  are  examined,  tliroe 
different  tints,  with  more  or  lees  well-marked  honndariuB,  are 
seen,  namely,  the  transparent  calcitic  lilltng  of  the  chatiilier^ 
t^  bwiduoent  aobetanoQ  of  which  most  of  ^e  wall  is  com- 
posed, and  an  outer  opatpie  layer  whose  distribuHon  will  he 
described  somewhat  carefully.  This  opiique  layer  is  mneh 
thinner  than  that  which  is  translucent,  and  seems  to  represent 
merely  an  e-xternal  coating  upon  the  upper  and  front  sides  of 
each  chamber  wall.  It  usually  appears  as  a  strong  dark  line 
in  thin  sections,  which  defines  the  translucent  wall  of  one 
chamber  from  that  of  the  next,  and  it  forms  a  plane  of  dehis- 
cence along  which  the  chambers  and  volutions  tend  to  sepa- 
rate. A  certain  amount  of  variation  is  manifest  by  this  layer 
and  its  conduct  in  the  partitions  is  different  from  that  iu  the 
revolving  wall,  an  indication  of  individuality  in  these  structures 
of  which  there  is  further  evidence.  In  the  revolving  wall  it 
pceasionally  happens,  chiefly  in  local  areas,  that  no  intensifica- 
tion of  tint  is  seen  along  the  outer  surface,  the  whole  wall 
being  practically  uniform.  In  other  instances  an  intensitication 
occurs  on  the  inner  side  nearly  etpial  to  that  of  the  outer,  but  as 
s  rule,  from  which  exceptions  are  but  few,  sections  clearly  show 
a  dark  coating  upon  the  outer  surfaces  of  the  revolving  wall. 
This  layer  is  seen  to  lie  continuous  from  the  revolving  wall  to 
the  partitions  and  it  thus  defines  to  the  eye  the  limits  of  each 
chamber  from  that  adjacent  to  it.  The  growth  of  the  shell  is, 
therefore,  seen  to  be  the  result  of  a  i-epeti'tion  of  similar  stages, 
each  of  which  consisted  of  a  prolongation  of  the  shell  first  in  a 
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revolving  and  then  in  an  axial  direction.  While  as  a  rule  the 
dark  lino  of  tlie  dense  layer  defines  the  external  surface  of  the 
partition  as  well  as  of  the  revolving  wall,  the  thick  inner  layer 
apparently  being  continuous  from  one  to  the  other,  occasion- 
ally it  interrupts  the  latter  and  as  it  assumes  an  axial  direc- 
tion fans  out  and  either  divides,  so  as  to  bound  both  sides 
of  the  partition,  or  spreading,  involves  it  in  a  nearly  uniform 
dark  tint.  In  this  case  obscure  radial  lines,  probably  of  struc- 
tural origin,  can  sometimes  be  made  out.  The  partitions,  as 
we  shall  shortly  see,  have  otherwise  a  different  structure  from 
the  revolving  wall.  The  distribution  and  behavior  of  this 
dark  coating  seems  to  me  to  indicate  that  it  is  an  original  and 
intrinsic  feature  of  the  shell  structure,  and  that  it  does  not  repre- 
sent the  contact  between  two  walls  nor  the  plane  along  which 
testaceous  material  was  deposited  from  two  sides.  Somewhat 
in  contradiction,  however,  stands  the  fact  that  where  the  walls 
have  become  detached  the  dark  layer  is  often  not  conspicuously 
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Transverse  section.  Transverse  section.         Microscopic  structure. 

X  15.  X  25.  X  40. 

retained  upon  either  of  them.  Figs.  3  and  4,  drawn  from 
Triticites  seealicuH^  show  the  general  microscopic  structure  of 
the  wall,  the  thin  outer  dense  layer,  and  the  thick  inner  trans- 
lucent layer.  They  show  the  inner  wall  as  completely  surround- 
ing the  interior  of  the  chamber.  Wliile  not  of  rare  occurrence, 
it  18  more  common  for  the  inner  layer  to  be  developed  only  on 
the  upper  and  outer  portions  of  the  chamber  wall,  the  lower 
and  inner  boundary  beinti:  formed  bv  the  dense  outer  layer  of 
the  volution  and  chamber  preceding.  It  is  evident  that  the 
complete  inner  layer,  if  it  is  extended  from  end  to  eiul,  would 
cut  off  all  communication  between  adjacent  chambers  (except 
through  the  pores).  The  formation  of  this  layer,  therefore, 
over  the  back  and  lower  walls  is  prol)al)ly  due  to  subsequent 
deposition. 

I*art  of  the  translucent  wall  is  thickly  penetrated  by  opaque 
rods  or  tubuli,  whose  direction  is  normal  to  its  two  faces,  find 
it  is  this  structure  which  Ikis  caused  l^usuluia  to  be  described 
as  strongly  perforate.  These  rods  or  tubes  are  always  consider- 
ably darker  than  the  translucent  wall  which  they  pervade  and 
are  as  a  rule  of  somewhat  lighter  tint  than  the  dense  outer 
layer.     They  usually  increase  in  size  inward  and  taper  toward 
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tbc  opaque  layer,  and  wbile  in  some  instancea  they  reacb  and 
connect  with  the  latter,  for  the  most  jiart  thev  diniinieh  and 
di^ppear  before  completely  penetrating  the  translucent  wall. 
They  have  the  same  apjiearancu  whether  the  specimen  i«  cut 
lengthwise  or  transversely,  and  tlieir  crons  section  was  probably 
circular.  In  their  distribution  these  rods  or  tubes  seem  to  be 
conlined  entirely  to  tJie  revolving  wall,  {Occasionally  they  can 
be  seen  to  extend  part  way  around  the  turn  to  where  the  wall 
becomes  radial,  but  I  have  never  seen  them  in  the  partition 
wall  itself.  Fig.  5  represents  a  section  througli  part  of  the 
revolving  wall  of  Triticites  aecalicus.  The  upper  margin  of 
the  figure  is  the  outer  margin  of  the  wall.  Tlie  dark  lines 
represent  what  has  usually  been  interpreted  as  pores  or  tabes- 
These  structures  can  not  be  seen  in  the  radial  walls. 

lu  section,  therefore,  the  revolving  wall  is  seen  to  be  barred 
off  into  nearly  equal  stripes  of  opaque  and  translucent  shades, 
and  of  these  it  is  clear  that  the  translucent  ones  represent  the 
shell  and  the  opaque  ones  what  have  been  considered  pores. 

Carpenter  described  the  minute  structure  of  "J^usuliita"  in 
1870,  and  bis  conclusions  have  been  followed  or  concurred  in 
by  most  subsequent  writers.  It  is  interesting  to  note  that  his 
investigations  were  made  upon  specimens  from  Iowa  wliici] 
with  great  probability  belonged  not  to  J^usuli/ut  bnt  to  Triti- 
citea.  One  can  hardly  donbt  that  he  also  studied  specimens  of 
real  F'tfiil inn,  !ini\'i\  \i^  iY\^c.n\X  t«  nuilerstand  why  he  disre- 
garded tlie  differences  which  have  led  me  to  distinguish  'Triii- 
cites  as  a  distinct  group.  Though  he  does  not  mention  or 
figure  the  dark  layer  which  coats  the  walls  upon  their  outer 
side  and  which  in  sections  defines  the  outline  of  each  chamber, 
and  though  other  writers  have  not,  whose  work  has  come  into 
my  hands,  I  am  quite  satisfied  as  to  its  existence  and  per- 
sistence.* The  interpretation  of  if«  significance,  on  the  other 
hand,  is  a  matter  of  uncertainty.  TJie  presence  and  conduct 
of  this  dark  superficial  layer  and  its  relation  to  the  so-called 
tubnh  have  led  me  to  entertain  some  doubt  as  to  whether  the 
shell  in  this  genus  is  as  usually  stated,  perforate. 

Carpenter  remarks  upon  the  coniplexity  of  the  partition 
walls  in  the  terminal  poi-tions  of  Triticiten  in  the  following 
terms:  "The  irregularities  whicJi  are  noticeable  in  sectitms 
made  either  longitudinally  or  traversely  through  the  terminal 
portions  of  the  shell,  seem  explained  hy  the  disposition  of  the 
alar  prolongations  which  is  revealed  by  fracture ;  for  this 
shows  that  tJie  alar  prolongations,  as  they  pass  to  a  distance 
from  the  median  plane,  ten<l  to  interdigitate  with  each  other, 
•  Material  of  both  FunaUiiit  ami  Tritirilrs  hns  lieeii  examined,  nnd  from  a 
nninbor  of  localitiew  and  horizons  BiifficiHnt  lo  show  that  these  characters  are 
couHtaiitly  present  aud  are  uut  the  reuult  of  jieculiar  preservation. 
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in  such  a  manner  as  to  produce  great  apparent  confusion 
tliey  are  brought  into  view  by  section.'  *      Wliile  this  ii 


when 
18  per- 
haps equally  true  of  Fusulina^  the  simplicity  of  the  partitions 
in  Triticites  over  their  median  pof  tion  renders  their  complexity 
near  the  ends  peculiarly  striking.  From  the  passage  above 
quoted,  from  Carpenter's  figures,  and  from  the  localities  and 
horizons  from  which  his  American  specimens  were  obtained, 
there  can  be  no  doubt  that  they  belonged  to  Triticites^  instead 
of  to  Fusuliiia, 

I  am  in  some  uncertainty  about  the  taxonomic  value  which 
should  be  given  to  the  differences  above  noted  between  Fu^u- 
li7ia  and  Triticites,  It  is  evident  that  they  are  of  degree 
only,  though  very  marked  in  the  case  of  the  forms  under  dis- 
cussion, intermediate  stages  being  unknown.  I  would  regard 
Tt^ticites  in  any  other  group  as  a  good  subgenus,  though  prob- 
ably no  more ;  but  among  forms  whose  simple  structure  puts  a 
certain  limit  upon  differentiation,  it  seems  that  somewhat  differ- 
ent standards  should  be  employed,  and  I  believe  that  the  group 
of  Triticites  can  be  given  generic  rank. 

The  type  of  Trititntes  is  not  a  new  species.  In  1823  Sayf 
described  two  species  from  Kansas  and  Nebraska  under  the 
name  of  Miliolites  secalicus  and  MUhlites  centralis^  which 
from  evidence  intrinsic  and  extrinsic  belong  without  question 
to  the  group  of  fossils  for  which  the  name  Fusnluia  cylindrica 
has  since  come  into  general  use.  J.  W.  Beede;):  was,  I  believe, 
the  iirst  to  recognize  the  real  character  of  Miiwlites  secalicus 
and  to  revive  this  speciiic  name  for  the  American  form,  but  he 
did  not  discriminate  it  from  Fusulina  cylindrica  Fischer-de- 
Waldheim,  which  he  relegated  to  synonymy.  Wliile  I  had 
little  doubt  that  the  American  species  was  distinct  from  the 
Russian  one,  I  have  continued  to  use  for  it  the  name  Fusidina 
cylindrica^  because  it  seemed  to  me  undesirable  to  disturb  the 
current  terminology  until  several  essential  points  could  be  deter- 
mined with  reasonable  finality.  In  the  i)resent  paper  I  have 
sought  to  show  that  the  American  form  is  not  only  specifically 
distinct  from  Fusu/ina  cylindrica^  but  can  probably  be 
referred  to  a  different  genus,  for  the  type  of  which  7'ntlcitis 
secalicus  is  selected.  This  species  was  rirst  described  from  the 
Missouri  River  near  the  Platte.  The  material  upon  which 
niy  interpretation  of  Trttlcit/'s  .secalicus  is  based,  and  u})on  which 
the  term  Triticites  immediately  rests,  was  obtaine<l  from  the 
Platte  River  near  its  junction  with  the  Missouri.  The  locality 
and  horizon,  therefore,  can  be  said  to  be  essentially  the  same, 

*  Monthly  Microscop.  Jour.,  vol.  iii,  IHTO,  p.  182. 

f  Account  of  an  Expedition  from  Pittsburgh  to  the  Rocky  Mountains,  etc., 
iizid<^r  Major  Stephen  H.  Long,  vol.  i,  1823,  p.  151,  footnote. 
Xijmv,  Geol.  burv.  Kanuos,  Rept.,  vol.  6,  1900,  p.  10. 
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ftiid  as  my  mawrittl  aerees  witli  Say's  description  as  far  as  it 
goes,  I  bavp  little  doubt  that  it  is  the  same  specitw  for  which 
the  nauie  was  first  employed.  My  iiiveslieatioii8  hdve  l»et'n 
carried  sufficiently  far  to  show  that  moat  if  not  all  of  the  »o 
called  F'tiiulin.tt»  of  the  Mississippi  Valley  belong  to  TriticiUg. 
I  am  not  prepared  to  express  au  opinion  as  to  wliyther  several 
or,  as  lias  generally  beeu  usennied,  but  a  single  species  occurs 
there.  The  second  species  described  by  Say,  under  the  name 
of  M.  csnlra/is,  is  doubtfully  distingnished  by  the  charactem 
pointed  out  by  its  aiitbor.  Say's  description  of  MUioliUt 
gKealioim  is  framed  in  the  following  words,  and  can  be  ampli- 
tied  from  the  descriptions  and  figures  here  presented : 

"iJ9.  On  the  Missouri  near  the  Platte  occur  masses  of  rock, 
wliieh  seem  to  be  almost  exclusively  composed  of  a  remarkable 
petrifaction,  belonging  to  the  family  of  eoucamerated  shells. 
This  sliell  is  elongated,  fusiform,  and  when  broken  ti-ansversely. 
it  exhibits  the  apuearance  of  numerous  cells  disposed  spirally 
as  in  t\te  Numiftuf.iie,  but  its  longitudinal  section  displays  only 
deep  grooves.  The  shell  was  therefore  composed  of  tubes  or 
Bjpnons,  placed  parallel  to  each  other,  and  revolving  laterally 
as  iu  the  genus  MeloTiU  of  Lamarck,  with  which  ite  characters 
UTidonbtedly  corresi>oud.  But  as  in  the  transverse  fracture,  its 
spiral  system  of  tubes  cannot  be  traced  to  the  center  in  any  of 
tne  iiuinorous  epectmens  we  h»ye  examined,  it  woald  seem  to 
have  a  solid  axis,  and  consequently  belongs  to  that  division  of 
the  genus  that  Moiitfort  regards  as  distinct,  under  the  name 
of  MUiolit^s,  which  seems  to  be  similar  to  the  F'asciodt''^  of 
Parkinson,  and  altogethei-  different  from  the  Miliolites  of 
Lamarck,  Our  specimens  are  conspicuously  striated  on  the 
exterior,  which  distinction,  together  with  their  elongated  fusi- 
form shape,  sufficiently  distinguish  then  as  species  from  the 
sahtUosus  which  Montfort  describes  as  the  type  of  bis  genus. 
No  aperture  is  discoverable  in  this  shell,  hut  the  termination 
of  the  exterior  volution  very  much  resembles  an  aperture  as 
Ion*  as  the  shell. 

The  length  is  three-tenths  of  an  inch.  And  its  greatest 
breadth,  one-twelfth. 

We  call  it  Miliofltfs  necalicua.  Say.  Mr.  T.  Nuttall  informs 
me,  that  he  observed  it  in  great  quantities  high  up  the 
Missouri. 

In  the  same  mass  were  some  segments  of  the  Encrinus,  and 
a  Tercbratula  with  five  or  six  obtuse  longitudinal  waves." 


G.  W.  McKee — Prismatic  Cryaidls  of  Hematite.     241 


Art.  XXII. — Prismatic   Crystals  of  Hematite;  by  G.  W. 

McKee. 

The  common  forms  for  hematite  crystals  are  rliombohedra 
and  scaleiiohedra.  Prismatic  faces  are  seldom  well  developed. 
The  basal  pinacoid  is  still  rarer.  Specimens  of  well  crystal- 
lized hematite  showing  crystals  of  an  nnusual  habit  were 
obtained  recently  from  Dr.  A.  E.  Foote,  Philadelphia.  These 
specimens  are  reported  to  be  from  Guana jnato,  Mexico.  The 
crystals,  which  are  very  small,  seldom  more  than  a  millimeter 
iu  diameter,  are  well  formed  and  possess  a  bright  metallic 
lustre  such  as  is  characteristic  of  the  specimens  from  Elba. 
They  occur  spread  in  a  layer  over  the  surface  of  a  much 
decomposed  rock,  which  is  probably  a  rhyolite. 

A  few  of  the  best  crystals  were  selected  for  measurement  on 
a    Goldschmidt   two-circle   reflecting   goniometer.      Some   of 


iii« 


them  showed  combinations  of  the  prism  |10lO|  and  base 
■0001-,  while  others  presented  in  addition  to  these  forms 
several  pyramids  of  the  second  order.  In  all  cases,  however, 
the  most  prominent  forms  were  the  ])rism  -1010  J  and  the 
base  1 0001^.     These  faces  ordinarily  play  a  very  subordinate 

fmrt  in  the  crystallization  of  hematite  and  by  their  prominence 
lere  we  obtain  a  distinct  ])rismatic  crystal  habit  hitherto  rarely 
recorded  for  hematite.  The  results  of  the  measurements  on 
two  crystals  are  given  in  detail  and  along  with  them,  for  pur- 
poses of  comparison,  the  calculated  results  for  the  symbols 
deduced.  If  we  consider  the  pyramids  as  of  the  second  order 
then  the  prism  becomes  the  prism  of  the  first  order.  Al^  the 
forms  observed  here  are  already  well  known,  the  complete  list 
being  as  follows:—! 0001},  {10i0|,  jllSS},  jll22},  |22Jl}. 
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The  accompanying  drawing,  fig.  1,  was  prepared  from  s 
gnomonie  projection  showing  the  projection  points  of  the 
normals  of  an  idealized  crystal  representing  all  the  forms 
obtained.  The  relative  central  distance  for  the  different  forms 
indicated  in  the  drawing  corresponds  very  closely  with  that  of 
the  crystals  examined. 

Hematite  crystals  showing  the  prismatic  habit  have  been 
described  by  Pirsson.*  His  specimens  were  also  obtained 
from  Mexico  and  were  peculiar  ni  their  association  with  caiisit- 
eritc,  which  was  frequently  contained  in  tlie  hematite  as  inclu- 
sions. Some  of  tlie  Gnanajiiato  cryntals  were  finely  powdered 
and  treated  with  hot  concentrated  hydrochloric  acid ;  the 
resulting  solution  was  tested  in  the  usual  method  and  was 
found  to  he  free  from  tin. 

These  observations  wuro  made  in  tlie  Mineralogical  Labora- 
tory of  the  University  of  Toronto. 

*  TliiB  Jovirual,  vol.  xlii.  ii]..  4UT,  1301. 


rsitj-  of  Turouto, 
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SCIENTIFIC    INTELLIGENCE. 
I.    Chemistry  and  Physics. 

1.  An  Attempt  at  a  Chemical  Conception  of  the  Universal 
Ether, — D.  J.  Mendeleeff,  the  celebrated  author  of  the  Periodic 
System  of  the  Elements,  has  published  some  speculations  in 
regard  to  the  ether. 

From  a  realistic  standpoint  it  is  inevitable  that  weight  and 
chemical  individuality  should  be  ascribed  to  the  ether.  It  must 
be  a  distinct  chemical  substance  so  light  that  it  can  escape  the 
attraction  of  the  fixed  stars  by  the  swiftness  of  the  motion  of  its 
molecule ;  it  can  have  no  chemical  affinity ;  its  power  of  diffusion 
must  be  so  great  that  it  can  penetrate  all  bodies,  and  thus  elude 
being  weighed,  although  it  actually  possesses '  a  very  minute 
weight.  It  can  be  assumed  to  be  an  inactive  gas  of  the  argon- 
helium  series  with  very  small  atomic  weight.  By  means  of 
inten^o\2Xion  the  author  has  predicted  new  elements  (scandium, 
gallium,  and  germanium),  and  he  ventures  to  make  euj^rapola- 
tions  below  helium.  In  the  place  before  hydrogen  he  assumes 
the  existence  of  an  inactive  element,  which  possibly  is  identical 
with  caroniumy  with  an  atomic  weight  estimated  at  about  0*4. 
The  ether  must  have  a  still  smaller  atomic  weight,  the  value  of 
which,  <^0'17,  on  account  of  the  double  extrapolation,  is  very 
uncertain.  For  the  ether  as  an  element  the  author  proposes  pre- 
liminarily the  name  Neiotonhim,  He  calculates  also,  that,  in 
order  that  it  might  escape  from  the  largest  bodies  of  the  uni- 
verse, the  atomic  weight  of  the  ether  might  necessarily  be  as  small 
as  one-millionth  of  that  of  hydrogen. 

The  author  gives,  in  addition,  a  realistic  explanation  of  radio- 
activity by  supposing  that  the  radio-active  elements  (U,  Th,  Ra) 
on  account  of  their  abnormally  high  atomic  weights  are  capable 
of  holding  a  relatively  large  number  of  the  ether  atoms  about 
their  large  centers  of  mass,  without  combining  with  them  chem- 
ically, and  that  the  arrival  and  departure  of  the  ether  molecules 
is  accompanied  by  disturbances  in  the  ethereal  medium  which 
produce  the  rays  of  light. — From  an  abstract  in  Chem,  Central- 
Blatty  1904,  i,  J  37.  ii.  l.  w. 

2.  Gold  Fluoride, — Since  gold  frequently  accompanies  fluor- 
spar in  natural  deposits,  it  seemed  possible  that  gold  fluoride 
might  play  a  part  in  the  formation  of  such  deposits.  Therefore, 
Victor  Lenher  has  undertaken  a  study  of  the  relations  of  gold 
and  fluorine.  Finely  divided  oxide  of  gold  was  found  to  be 
entirely  unattacked  by  hydrofluoric  acid,  even  in  the  presence  of 
nitric  acid.  It  was  found  to  be  impossible  to  prepare  gold 
fluoride  by  the  interaction  of  silver  fluoride  and  gold  chloride, 
for  the  substances  reacted  as  follows  : 

AuCl,  -I-  3AgF  +  311,0=3  AgCl  +  Au(OII),  +  3HF. 


t4A  Scientijic  Intdliffence. 

Since  it  seemed  that  water  dec/iinposed  gold  fluoride  as  soon  as  it 
was  formed,  attempts  were  tben  mmle  to  carry  out  the  same  reac- 
tion in  the  prewenoe  of  auhydroiia  aolventa,  such  aa  ether,  cbloro- 
form,  carbon  tetrachloride,  etc.,  but  the  aubslances  under  esperi- 
ment  were  either  insoluble  in  these  solvent*,  or  were  decomposed 
by  them,  bo  that  ihia  method  did  not  succeed.  Gold  fluoride 
appears,  therefore,  incapuble  of  being  formed  by  ordinary  reac- 
'  3U8,  although  Moiasan,  hy  the  action  of  fluorine  gas  upon  gold 
n  red  heat,  obtained  a  yellow,  hygroscopic  substance  which 
sily  decomposed  into  the  metal  and  fluorine.  It  is  remarkable 
that  flnorine,  the  most  active  of  all  the  elemeota,  should  have  go 
slight  an  affinity  for  gold.— ./our,  Atiier.  0/ietn.  itoc.,  xxv,  1 136. 

II.  L.  w. 
7"A«  Sepurntion  of  Radium  from  Jiavivm. — Heretofore  the 
only  available  method  for  obtaining  products  richer  Id  radium 
from  mixtures  of  barium  and  radium  salt",  has  been  the  fractional 
orystalliaiatiou  of  the  chlorides  or  the  bromides.  Mabckwai.r 
has  now  found  that  it  is  possible  to  obtain  an  enrichment  in 
radium  by  agitating  a  concentrated  solution  of  the  salts  willi  one- 
fifth  of  its  weight  of  one  per  cent  sodium  amalgam.  Uarium  and 
radium  amalgam  is  thus  formed  in  which  the  proportiou  of 
radium  is  much  increaaed  over  that  in  the  original  mixture.  By 
repeating  the  operation  with  the  reEidual  liquid,  after  it  has  been 
previously  neutralized,  Bnocessive  products  are  obtained  which 
gradually  diminish  in  activity.  The  method  as  thus  employed 
offers  no  adv&ntages  over  the  method  of  fractional  crfstalliza- 
tion,  cinc«  it  also  is  a  fractionating  process,  but  it  is  interesting 
in  showing  for  the  first  lime  a  difference  in  (.'hcmicai  behavior 
between  barium  and  radium. — JJeriuhte,  xsxvii,  88.        b.  l.  w. 

4.  The   Dissociation  of  the   Allaline   Carbonates.  —  Having 

f previously  shown  that  lithium  carbonate  can  be  completely  volati- 
ized  in  a  vacuum  above  1000°  in  consequence  of  its  dissociation 
into  carbon  dioxide  and  lithium  oxide,  P.  Lebeau  has  studied 
the  behavior  of  the  carbonates  of  sodium,  potassium,  rubidium 
and  cesium  under  the  same  conditions.  He  has  found  that  all  of 
these  carbonates  are  dissociated  above  800°  with  the  formation  of 
carbon  dioxide  and  a  volatile  atk.iline  onide,  so  that  a  sort  of 
volatilization  of  the  carbonates  takes  place.  When  the  alkali 
metals  are  divided  into  two  sub-groups,  lithium  and  sodium  com- 
prising the  flrst,  and  potassium,  rubidium  and  ciesium  the  second, 
It  found  that  the  ease  of  dissociation  decreases  with  the  atomic 
weight  in  the  first  sub-group,  and  increases  with  it  in  the  second. 
—  Comptea  Jientfits,  exxxvii,  1255.  u.  i,.  w. 

5.  Voiiibimttion  of  Sacchartise  with  Certain  Metallic  Salts. — 
It  is  known  that  cane-sugar  unites  with  sodium  chloride,  bromide 
and  iodide,  as  well  as  with  potassium  chloride,  to  form  crystal- 
line compounds.  D.  Gauthikr  has  recently  succeeded  in  obtain- 
ing a  number  of  other  sirail.ir  compounds  which  are  well-defined. 
The  following  substances  are  described  : 
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CJI„0    Kl-all.O 

C,n„0    LiCliill.O 

C  ,H,,0    LiBr  ;;H,0 

C,H  O    Lil^lI^O 

C„H„0,  CiiBr,-3ir,0 

C\,H,,0,  ■CaI,-3H,0 
2C,H,,0,   BaCI, 
2C  ,H,,0    Balir, 
2C„H,,0,  Bal, 

It  is  proposed  to  study  tlie  propertitix  of  t)iesc  bodies  in  the 
future,  and  alxo  to  attempt  tlm  preparation  of  compounds  with 
other  salts. —  Comples  Reiuiua,  cxxxvii,  l'_'.)9.  h.  u  w. 

6.  The  Density  of  Vlilorine.  —  New  delormiiiations  of  the 
density  of  chlorine  gas  have  been  made  by  Moissan  and  Jassoneix. 
The  method  of  Dnmaa  was  emjiloyed,  which  consists  in  filling  a 
globe  having  a  slender  neck  with  the  gas,  by  displacement,  seal- 
ing the  neck  by  fusion,  and  weighing.  Considerable  difficulty 
was  experienced  in  obtaining  pure  chlorine  ;  even  liquid  chlorine 
was  found  to  hold  other  gases  in  solution,  and  the  best  results 
appear  to  have  been  obtained  by  using  chlorine  which  had  been 
previously  solidified  by  cooling.  As  an  average  of  the  best 
results,  the  density  249i>  at  0°  is  given.  This  number  agrees 
very  closely  with   Leduc'w  result,  :2'481,  published   in    lf(97. — 

Cotnptes  Rtndits,  cxxxvi,  llflfl.  u,  l.  w. 

7.  The  Doppler  Effect  in  E/ectrical  Sparks. — If  metallic  par- 
ticles are  torn  off  from  the  electrodes  between  which  a  spark  is 
produced  and  are  lighted,  one  would  expect  on  looking  in  the 
direction  of  the  spark  with  a  suitable  ojitical  arrangement  to  see, 
according  to  Doppler's  prineiple,  a  disjilacement  of  the  lines  of 
the  spectrum.  Alt,.  llAnESRAcn  usck  two  Kpark^  In  front  of  the 
slit  of  a  spec  t  rose  OIK.'.  The  uurreiit  was  directed  through  these 
gaps  in  opposite  directions.  In  one  experiment  Michelson's  eche- 
lon spectroHcope  was  used  with  inercnry  lines.  The  results  were 
negative;  and  the  author  cimcludes  that  there  is  no  displace- 
ments greater  than  OOL  A. -unit  ;  if  the  Doppler  principle  holds 
for  the  case  of  electric  sparks,  the  velocity  of  tlie  metallic  ]>articles 
cannot  be  greater  than  this  value  indicates.  In  another  experi- 
nieut  a  Rowland  grating  was  used  and  a  similar  result  was 
reacbed.  The  author's  results  do  not  agree  with  those  obtained  by 
Schuster  and  Hemsalecb,  or  with  those  of  Mobler,  in  regard  to 
the  velocity  of  the  shot  off  panicles.  These  authors  found  a 
targe  velocity  for  such  particles. — Ann  der  Physiky  xiii,  pp. 
362-374.  J.  T. 

8.  ^'e^st  of  Temperature  on  Ionization  by  ROiUgen  Rays. — 
R.  K.  McClu^g,  working  in  the  Cavendish  laboratory,  believes 
that  he  has  proved  conclusively  that,  in  a  given  volume  of  gas, 
kept  at  ft  constant  density,  the  amount  of  ionization  produced  by 
B&ntgen  rays  of  a  given  intensity  is  independent  of  the  tempera- 
ture of  the  ga».~^Phil.  Mag.,  1904,  pp.  81-95,  j.  t. 


946  Scieiitijic  JnteUiynnce. 

Tfio  Arc  in  MUalih  Vapitm  in  un  ExlutiitUd  •'ipacf.  —  Dr. 
E.  Weintbawu  hi»«  coitducted,  in  the  laboratory  of  lh«  Goneral 
Electric  Company  at  Sclietieetady,  an  exhaustive  sarieis  of  experi- 
meni  on  tbc  Cooper- Henitt  mere«ry  lamp, 

(1)  By  A  B^ri^B  of  oxpenmcnts  it  was  »hown  that  in  theproc««s 
of  starting  an  arc  tht  cathode  plaj's  an  important  role,  bo  that  s 
certain  change  must  take  place  on  its  surface  before  the  arc  can 
Biart;  the  aoode  receives  the  cnrrent  without  any  previous  excila> 
tion. 

(2)  Starling  from  the  recognition  of  this  role  of  the  cathode,  a 
new  method  has  beco  devised  for  an  inetanlaneous  starting  of  the 
passage  of  a  moderate  roliage  current  through  the  space  separat- 
ing the  elecirodeA,  and  thlH  no  matter  how  long  this  space  is. 

(3)  The  properties  of  the  mercury  arc  have  been  stadied,  and 
I  number  of  differences  in  the  behavior  of  the  cathode  and  the 

anode,  beside  the  one  mentioned  above,  stated. 

(4)  The  behavior  of  amalgams,  as  well  aa  pure  alkali  metals, 
has  been  investigated,  and  the  complete  analogy  between  the 
behavior  of  the  arc  in  their  vapors  and  that  of  the  mercury  arc 
shown, 

{5}  Different  ways  liavt"  been  found  to  cause  an  alternatiug 
current  to  pass  through  mercury  vapor  in  form  of  an  arc. 

(0)  On  tne  basis  of  this  a  theoretically  almost  perfect  rectifier 
for  conversion  of  alternating  current  into  steady  direct  onrreni 
was  developed. — J'Mt.  Maff.,  Feb.,  1904,  pp.  05-124.  J.  t. 

10.   EUctrlcity  and  Ma'/iiftism.     An    EletitMUary  Tfsrt-Book 

Thtor.lh:il   „„■)    I'rnrti,:,! ;    by    R.    T.   (tJ.aZKHKoOK.       Pp.   vili-i- 

440,  Cambridge,  1903  (The  University  Press). — This  volume, 
like  the  others  by  the  same  author  in  the  Cambridge  Phys- 
ical Beriee,  is  based  on  the  first  year  work  in  physics  as 
given  at  the  Cavendish  laboratory.  Also,  like  its  prede- 
cessors, it  is  a  type  of  text-book  little  used  in  this  country. 
The  ordinary  method  of  carrying  on  instruction  in  physics  is 
threefold  ;  first,  by  means  of  a  lecture  course,  second,  by  labora- 
tory work,  and  third,  by  a  quiz.  As  an  aid  to  the  two  latter 
branches,  the  common  practice  in  this  country  is  to  provide  the 
student  with  two  separate  text-books — one  treating  the  theory  of 
the  subject  from  a  general  standpoint  and  the  otlier  containing 
directions  more  or  leas  minute  for  a  certain  number  of  expen- 
mcnts.  On  the  other  hand,  the  English  |>ractice,  as  exemplified  in 
the  book  before  us,  is  to  combine  the  two  books  into  one.  That 
this  method  has  certain  advantages  in  giving  the  student  a  better 
perspective  is  obvious  ;  and  th.it  this  view  is  coming  to  be  more 
appreciated  here,  is  evidenced  by  the  volume  on  Mechanics  and 
Heat  which  has  recentlv  appeared  from  the  Ryerson  laboratory 
at  Chicago.     (See  below.") 

The  development  of  the  doctriues  of  electricity  and  magne- 
tism, together  with  their  more  important  applications,  is  carried 
out  admirably  along  the  lines  which  Maxwell  made  classic.  The 
exiieriments  are  well  chosen  and  numerous  examples  are  scattered 
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through  the  hook  to  aid  in  driving  the  principles  home.  The 
most  recent  developments  in  the  science  also  receive  adequate 
attention,  the  last  two  chapters  being  on  Hertzian  waves  and  the 
recent  work  on  the  discharge  through  gases.  The  demonstrations 
and  deductions  are  often  of  the  unsatisfactory  nature  which  the 
necessity  of  excluding  the  Calculus  makes  unavoidable.  But 
aside  from  this  defect,  which  is  inherent  in  any  presentation 
written  for  students  in  a  like  state  of  mathematical  ignorance, 
this  book  appears  to  the  writer  to  be  the  most  satisfactory  one 
that  has  come  under  his  notice.  l.  p.  w. 

11.  Mechanics,  Jloleadar  Physics  rmd  Heat,  A  Twelve 
Weeks'  College  Course  ;  by  R.  A.  Mifxikan.  Pp.  242.  New 
York,  1903  (Ginn  &  Co.). — This  book  is  a  combined  text-book 
and  laboratory  manual.  It  represents  an  attempt  to  attain  a 
closer  coordination  between  the  laboratory,  the  class  room,  and 
the  lecture  room,  and  as  such  is  to  be  highly  commended.  No 
one  who  has  taught  elementary  Physics  can  fail  to  be  in  sym- 
pathy with  this  aim  or  to  be  interested  in  the  way  in  which  the 
problem  is  attacked  in  the  liyerson  Laboratory.  The  writer  can 
recommend  the  preface  of  this  book  to  all  who  are  interested  in 
the  very  serious  problem  of  how  best  to  teach  Physics. 

Judging  from  personal  experience  with  students  of  the  maturity 
implied,  it  would  seem  as  if  too  much  knowledge  were  assumed. 
Neither  velocity  nor  mass  are  explicitly  defined.  The  logical 
sequence  of  the  development  of  the  principles  of  mechanics  is  not 
all  that  could  be  desired.  On  the  other  hand,  the  selection  and 
arrangement  of  the  experiments  and  problems  is  excellent.  On 
the  whole  it  would  seem  that  while  the  book  is  well  adapted  to 
the  system  of  instruction  in  use  at  Chicago,  its  usefulness  else- 
where will  be  limited — unless  that  system  comes  to  be  generally 
adopted.  l.  p.  w. 

12.  Treatise  o?i  Therniodynarnics ;  by  Max  Planck.  Trans- 
lated bv  Alexandeu  Ogg.  Pp.xii  -f  272.  New  York  (Longmans, 
Green  A;  Co.). — This  is  an  excellent  translation  of  Professor  Planck's 
well-known  work  on  thermodynamics  which  appeared  in  1897, 
embodying  in  a  connected  treatment  of  the  subject  the  author's  many 
original  contributions  to  this  branch  of  science.  Like  all  of 
Planck's  work,  it  is  marked  by  strict  and  satisfactory  logical 
development  and  by  a  clear  recognition  of  the  nature,  authority 
and  limitations  of  our  knowledge  of  the  general  principles  upon 
which  the  science  is  based.  The  treatment  of  the  Second  Law, 
while  essentially  the  same  as  that  employed  by  Clausius,  Kelvin 
and  Maxwell,  is,  at  the  same  time,  original  in  its  point  of  view 
and  is  very  illuminating  ;  it  should  not  be  neglected  by  any 
serious  student  of  thermodynamics.  Irreversible  processes  receive 
a  larger  share  of  attention  than  is  usual — a  most  commendable 
feature  in  a  text-book  since  all  actual  thermodynamic  processes 
are  irreversible,  and  it  is,  therefore,  very  essential  that  the  knowl- 
edge of  the  working  physicist  and  engineer  should  not  be  con- 
fined to  the  ideal  reversible  case.  The  book  also  gives  a  large 
amoant  of  space  to  the  discussion  of  the  applications  of  thermo- 
dynamics to  the  problems  of  chemical  equilibrium  and  it  should 
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be  very  iiHeftil  to  the  student  of  physical  chemistry.  From  llie 
pedagogical  point  of  view,  one  could  wish  that  the  atithor  \\iA 
not  cootineil  himself  so  strictly  to  analytic.il  metlio'U  nnd  that 
more  diagrams  and  geometrical  iIlastratioiit>  had  been  employtMl  ; 
bnt  after  all  this  is  largely  a  question  of  taste.  ii.  a.  b. 

11.     Gkology. 

I.  The  Coral  Reefs  of  the  Maldives  ;  by  Alexasdbb  Auassiz, 
Mem.  Miie.  Comp.  Zool.  Harvard  College.  Pp.  i-xxv,  l-li!8,  82 
pK  One  volume  text.  One  volume  plates. — Parts  of  December, 
leoi,  aud  January,  1902,  was  s|>ent  hy  Professor  AgasaiK  in 
ixploring  the  Maldives  (for  gketch  of  the  work  of  this  expedition 
ee  this  Journal,  xiii,  297).  All  of  the  important  atolls  were 
examined  aud  more  than  eighty  soundings  were  taktjn.  The 
variety  exhibited  by  the  small  islands  points  "  to  the  UMCIessneas 
of  our  present  definition  of  atolls.  There  is  every  possible  gra- 
dation between  a  curved  cresceu I- shaped  open  bank  of  greater  or 
less  siite  and  an  absolutely  closed  ring  of  laud  surrounding  a 
lagoon  withoHt  direct  communication  with  the  sea.  The  evi- 
dence .  .  .  shows  that  reef  corals  will  grow  upon  any  foundation 
where  they  find  the  proper  depth  and  that  local  conditions  will 
determine  their  existence  as  fringing  reefs,  barrier  reefs  or  atolls," 
In  moat  particnlars  the  work  of  Gardiner  \»  substantiated  (this 
Journal,  xvi,  SOS),  but  the  soundings  reveal  oonsiderable  irregu- 
larity in  the  dupih  of  the  plateau,  and  tlie  concluitiona  drawn  by 
Gardiner  from  the  supposed  existenoe  of  a  great  level  central 
plateau  may  need  revision.  The  soundings  show  also  that  Dar- 
win's suggestion  that  the  Maldive  Archipelago  originally  existed 
as  a  barrier  reef  of  nearly  the  same  dimensions  as  that  of  New 
Caledonia,  is  not  borne  out. 

This  is  the  last  of  a  scries  of  monographs  on  Coral  Reefs,  but 
Professor  Agassiz  promises  a  riaumi  of  results  obtained  from 
study  of  all  the  important  coral  regions  of  the  Atlantic,  Pacific 
and  Indian  Oceans. 

2.  Note  OH  the  Claasifieation  of  the  Carboniferous  formation 
of  Kansas ;  by  Hknhy  S.  Williams.  (Communicated.)  —  In 
the  brief  review  of  Bulletin  211  of  the  U.  S.  Geological  Survey 
(this  Journal,  xvii,  li'5),  a  few  facts  were  not  given  which  per- 
haps should  be  stated  in  order  to  give  credit  where  credit  is  due, 
and  the  quotation  on  p,  176  is  by  its  incompleteness  somewhat 
misleading,  hence  the  following  statement : 

A  further  examination  of  Bulletin  >Jo.  211  of  the  United 
States  Geological  Survey  shows  that  the  following  formations,  viz  : 
Elmdale,  Neva,  Eskridge,  Garrison,  Matfield,  and  Doyle  had 
previously  been  given  these  names  by  Prosser  and  Beede  and 
were  more  fully  described  by  Prosser.  Their  description  was 
published  by  Prosser  in  the  Journal  of  Geology,  vol.  x,  pp.  708- 
715,  which  number  appeared  during  the  firet  week  of  December, 
1902,  eleven  months  before  the  publication  of  Bulletin  No.  211. 

Mr.  Girty  stated  that  "the  evolution  of  the  latest  from  the 
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earliest  faanas  in  the  section  "  is  shown  "  to  have  been  a  progres- 
sioD  from  a  brachiopod  to  a  pelccypod  facies.  The  gradual  char- 
acter of  this  replacement  has  been  remarked  by  most  paleootol- 
ogistB  who  have  studied  the  faunal  Riiccession.  It  is  withont 
marked  interruption  at  any  point,  so  that  subdivisions  appro- 
priate for  recognition  are  not  clearly  apparent,  and  there  is  room 
for  differences  of  opinion  as  to  where  delimitation  should  be 
made." 

3.  Einfithning  in  die  Pal&o)itologie  ;  von  Dr.  Gustav  Stkin- 
HANN.  Pp.  l-466,fig8. 1-818.  I^ipzig,  1003(Wilhe!raEngelmann). 
— This  elementary  treatise  on  paleontology  is  written  by  one  of 
the  authors  of  the  "Elementeder  Paliiontologie"  of  Stcinmann 
and  DOderlein  published  in  1890,  and  appears  to  be  an  abbrevia- 
tion and  revision  of  that  work,  uxing  tlic  same  illustrations,  with 
an  addition  of  fifty  pages  on  fossil  ])lants,  and  numerous  new 
figures.  The  reduction  of  a  work  attempting  to  introduce  the 
reader  to  a  knowledge  of  iilant-s  and  animals  of  past  geological 
time  to  468  pages,  makes  it  necessary  to  mention  only  the  more 
conspicuous  families,  while  for  each  family  only  the  more  charac- 
teristic are  named  and  very  brief  descriptions  given.  It  ia  too 
technical  for  general  reading  and  not  complete  or  full  enough  to 
be  of  much  use  in  the  laboratory,  Init  it  may  serve  as  a  means  of 
gaining  a  superficial  knowledge  of  the  names  of  the  more  con- 
spicuous genera  met  with  in  treatises  on  geology  and  thus  be 
of  use  to  the  geologist  or  general  student  as  a  means  of  gain- 
ing definite  ideas  of  the  forma  of  fossils.  It  ia  well  printed  and 
the  illustrations  are  chosen  to  give  a  comprehensive  idea  of  the 
diagnostic  characters  of  the  forms  illustrated.  ii.  b.  w. 

4,  The  Structure  of  the  PieAbnonl  Plateau  as  s/ioicn  in  Mart/- 
land,  bv  Fnw  vri>  BtwExr  Mathews — Attention  is  called  to 
the  fact  that  fig  I  p  laO  in  the  arlicU  hy  E.  B.  Mathews,  is 
prmted  lu  m^erted  position  Ihoh^ur  ii  hure  repeated  inserted 
in  Its  correct  position 


6,  Western  Australia  Gealoyical  Survey.  —  Three  bulletins 
have  recently  been  issued  as  follows  : 

No,  8.  Lennonville,  Mount  Magnet,  and  Boogardic,  Murchi- 
fion  Goldfield;  by  Ciias.  G.  Giuson.     33  pp.  with  map. 

No.  9.  Geological  Features  and  Mineral  Resources  of  North- 
ampton ;  by  A.  Gibh  Maitland.     28  pp.  with  map  and  sections. 

No.  10.  Descnptions  of  Carboniferous  fossils  from  the  Gas- 
coyne  District,  Western  Australia ;  by  K.  Etiibbedgb,  Jr.,  41  pp. 
6pls. 

Ah.  /odb.  Bot.—ToviaB  SsBtxs,  Vol.  XTII,  Na  99.— Habou,  1904. 
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6.  7'/ii!  EvolutioH  of  Earth  Structure  ;  by  T.  lltitLi.Afip  Rkads. 
342  Jill.,  40  pU.,  1903.  (Longmantt,  Greeii  &  Co.)— In  llits  vol- 
(!  Mr.  Rtade  has  brought  together  his  views  upon  the  uinsFR 
ernatal  movementB.  The  volume  falls  naturally  into  two 
divisions,  first  the  causes  of  broad  vertical  movements  without 
tangential  thrust,  commonly  known  aeepeirogenic;  and  eeoondlv, 
the  causes  of  tangential  thrusts  and  their  relations  to  mountain 
building. 

However  much  geologists  may  differ  from  some  of  the  con- 
clusions of  the  work,  the  author's  method  must  be  regarded  as 
admirable,  first  presenting  generally  oanc«ded  facts,  secondly, 
framing  a  hypotltesis  and,  thirdly,  allowing  ite  mechanical  possi- 
bility. Thus  it  may  be  said  that  Mr.  Reade  has  developed  true 
cnUMia,  hut  it  remains  to  he  seen  from  further  study  and  generali- 
xntiims  if  they  are  quantitatively  sufliciunt,  or  if  there  are  other 
more  potent  factors.  Especially  would  pofislblo  changen  of  view 
upon  the  nature  of  the  earth's  interior  modify  his  conclusions. 

Taking  up  tbe  first  division  of  the  volume,  that  concerning 
vertical  crnstal  movements,  Reado  cites  familiar  examples  ot 
coastal  osciilations  and  shows  the  incompetence  of  the  jirinciple 
of  isostacy  to  initiate  such  movements  or  to  give  them  an  oscil- 
latory ctiarautcr.  The  autlior  maintains  that  isostatio  equilibrium 
ia  true  aa  a  broad  principle,  as  shown  by  the  fact  of  the  specilic 
gravity  of  the  continental  crust  and  suherust  being  less  than  that 
beneath  the  oceans,  but  relates  this  to  diastrophio  movements  by 
assuming  that  slight  regional  changes  of  volume  but  not  of  mass 

Lateral  Hhiftings  within  the  earth  would  also  result  in  such 
movements,  but  no  cause  has  been  shown  why  within  a  solid  earth 
matter  should  so  shift,  especially  as  work  would  be  done  in  liftr 
ing  the  continental  masses.  In  favor  of  the  view  that  the  move- 
ments are  due  to  slight  volume  changes  without  changes  of  mass 
or  lateral  shifting,  Reade  discusses  the  irregular  changes  of  den- 
sity which  take  place  during  the  cooling  of  a  bar  of  iron  and  the 
change  in  density  due  to  magnetization. 

The  author  believes  that  most  of  the  fluctuations  of  volume 
take  place  within  a  depth  of  500  miles  from  the  surface  in  what 
he  terms  the  "sphere  of  igneous  magma"  and  "the  condition  of 
the  matter  may  be  normally  solid,  but  potentially  fluid,  or  actually 
fluid  when  nearing  the  surface."  Following  this  statement  of 
causes,  the  view  is  expressed  from  a  consideration  of  the  sea 
coasts  that  the  continents  .is  a  whole  arc  at  present  in  an  era  of 
low  level.  An  examination  of  the  infroquency  of  deep  sea 
soundings  and  the  discovery  of  occasional  rapid  variations  in 
depth  leads  to  the  further  conclusion  that  there  is  merely  nega- 
tive evidence  for  the  prevalent  belief  in  the  smoothness  of  the 
ocean  floor  and  the  permanence  of  continents,  but  that  in  regions 
removed  from  rapid  sedimentation  more  careful  soundings  may 
reveal  bottoms  which  still  show  forms  of  subae rial  erosion.  A 
consider.ible  degree  of  imperm.ancnce  of  continents  is  further 
shown  l»y  a  consideration  of  basins  of  sedimentation,  and  as  bearing 
upon  this  |ir<il>lem  two  jirevious  papers,  "  Denudation  of  the  Two 
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Americas"  and  "The  North  Atlantic  as  a  Geological  Basin"  are 
reprinted. 

Turning  to  the  author's  views  on  orogeny,  the  belief  is  expressed 
that  periods  of  mountain-making  are  related  to  the  formation  of 
new  land  areas,  the  orogenic  cause  consisting  in  alternate  expan- 
sions and  contractions,  and  being  essentially  that  developed  in  his 
volume  "The  Origin  of  Mountain  Ranges,"  1880.  Further  de- 
tails are  added,  however,  giving  the  results  of  laboratory  experi- 
ments upon  models  of  various  forms.  These  show  how  with 
circumferential  compression  strata  may  be  folded  into  parallel 
crescentic  or  radiating  crescentic  folds  with  minimum  mass  deform- 
ation of  the  beds.  The  resulting  forms  are  developable  surfaces, 
made  by  simple  bendings  of  the  strata.  An  initial  bias  is  shown 
to  be  an  important  factor  in  determining  the  form  of  yielding, 
and  the  whole  is  an  important  contribution  showing  the  effects 
of  compression  acting  in  two  or  more  directions  simultaneously. 

While  Reade  has  demonstrated  the  adequacy  of  repeated  ex- 
pansions and  contractions  in  producing  deformations  in  several 
substances,  notably  to  the  distortions  of  a  lead-lined  sink,  to  the 
reviewer's  mind  it  is  far  from  being  demonstrated  quantitatively 
sufficient  to  result  in  mountain-making,  chief  among  the  objec- 
tions being  first,  that  there  is  no  evidence  of  the  numerous  wide- 
spread fluctuations  of  internal  temperature  which  would  be  neces- 
sary for  the  amount  of  shortening  shown  in  the  chief  mountain 
ranges  ;  secondly,  that  the  unequal  heating  of  higher  and  lower 
beds  would  result  in  differential  movement  and  friction  in  trans- 
mitting the  thrust  to  a  distance,  lessening  the  effective  thrust  of 
the  expanding  stratum  and  tending  to  produce  local  vertical  mass 
deformation  rather  than  distant  folds.  Thirdly,  this  theory  does 
not  account  for  the  deferment  of  mountain-making  for  millions 
of  years,  during  which  time  progressive  sedimentation  and  sub- 
sidence is  going  forward,  followed  by  a  relativel}'  brief  epoch  of 
crustal  yielding. 

In  the  latter  part  of  the  book  the  author  devotes  two  chapters 
to  faulting  and  to  slaty  cleavage.  j.  b. 

III.    Miscellaneous  Scientific   Intelligence. 

1.  SmltJisoiiian  Institution^  S.  P.  Laniu.ky,  ^Secretary,  Report 
for  year  ending  June  30,  lOOS, — The  annual  report  of  tlie  Smith- 
sonian Institution  gives  a  summary  of  the  work  done  in  the  several 
fields  of  activity.  In  the  appendixes  to  the  general  report 
are  more  detailed  statements  regarding  work  of  the  National 
Museum,  the  Bureau  of  Ethnology,  etc.  The  Museum  is  to  have 
a  $3,500,000  building  in  which  its  large  and  rapidly  increas- 
ing collections  may  be  properly  stored.  The  Astrophysical 
Observatory  has  made  special  holographic  studies  of  the  absorp- 
tion of  the  solar  rays.  The  atmosphere  "  has  been  more  opaque 
than  usual  within  the  present  calendar  year,  so  much  so  as  to 
reduce  the  direct  radiation  of  the  sun  at  the  earth's  surface  by 
about  10  per  cent  throughout  the  whole  visible  and  infra-red 
spectrum,  and  by  more  than  double  this  amount  in  the  blue  and 


16S  Scientific  InUUigeace. 

violet  portions  of  the  BpecLntm."  A  new  dctermiDBtioii  of  the 
tompurntiiru  of  tho  sun  gives  5920"  C  For  llip  Blinly  of  evm 
spots,  a  horizontal  ri>fl«?c;ting  telescope  of  140  fool  focam  and  SO 
inch  aperturir,  provided  with  a  new  form  of  coeloMtat,  has  bwn 
constructed. 

2.  SmitheoHtan  MiiceUaHeoua  Collectit/rui,  Quarterly  Issue. 
Vol.  I,  Pts.  I  and  2.— TLe  Quarterly  iiwue  of  iho  Smithsonian 
MiHOullaneoDM  Colli'ctiouB  iti  dusigued  to  afford  a  medium  for 
early  pulilU'&lioii  of  the  results  of  resenrchos  conducted  by  the 
iDstitution  and  for  reports  of  a  preliminary  nature.  '  The 
Quarterly  Xmwi  will  not  supersede  but  will  form  part  of  the  regu- 
lar series  of  the  Smithsonian  Miscellaneous  Collections.  It  will 
be  published  about  the  first  of  January,  April,  July  and  October. 
Each  number  will  consist  of  about  144  pages  and  will  be  suitably 
illuHlraled.  The  preiient  number  contains  seventeen  articlcii, 
among  them  the  description  of  the  new  telescope  and  coeloaLit, 
bv  C.  G.  Ahbott,  mentioned  in  Secretary  Langley's  report  (wee 
aiiove). 

3.  Weather  Jiurcnn,  V.  S.  Deprtrtment  itf'  Agriculture. — ^Tlic 
two  following  volumes  have  recently  bi;cn  issued  : 

BuLLKTiN  I<,  Climatology  of  California;  by  Ai.KXANtiKB  G. 
McAoiK.  261  pp.,  ;M  fi^.,  IS  pis.  The  great  variety  of  climates 
existing  within  California  and  the  numerbuH  abnormalities  exhib- 
ited, e.  g.,  at  Sau  Francisco,  makes  the  duM'ription  of  the  meteoro- 
logioat  oonditioiiH  within  the  State  of  niom  than  local  importaucc. 
Profttemir  MoAdio   diwpin'ios  tin-  conl.r'iUinf;  eliniatic   factors  of 

the   PacificCoH!-!    n-i-n.  ;it!rv  wliii'li  i ■  .^.^.,■^i|,lioll^  .■(  cointi- 

tions  prevailing  in  difierent  parts  of  California.  The  chapter  on 
Fog  18  particularly  valuable,  as  the  conditions  at  San  Francisco 
are  unusually  favorable  for  the  study  of  this  phenomenon. 

Bulletin  No.  .13.  Weather  Folk  Lore  and  Local  Weather 
Signs  ;  by  Edward  B.  Gaukiott.  183  pp.,  21  pis.  Many  of  the 
everyday  sayings  regarding  weather  signs  are  true  and  have 
come  from  careful  observation  on  the  part  of  sailors,  farmers  and 
other  men.  Many  weather  proverbs,  on  the  other  hand,  are 
ridiculous.  Professor  Garriott  has  classified  and  discussed  these 
sayings  and  gives  the  true  weather  signs  for  143  stations  within 
the  United  States. 

4.  ScieiUia,  No.  22.  —  The  latest  addition  to  this  valuable 
series  is  entitled  :  Diagrainmes  et  Surfaces  Thermodynamiques, 
par  J.  W.  Gibbs.  The  translation  was  made  by  M.  G.  Roy  of 
the  University  of  Dijon  and  an  introductiou  is  given  by  M,  B. 
Bruiihes  of  the  University  of  Clermont. 

Obituary. 

Dr.  CuAiii.Es  Emeksos  Bkkciikr,  Professor  of  Paleontology  in 
Yale  Univcr.-!iiy,  <lied  suddenly  of  heart  failure  on  February  14, 
in  his  47th  year.     A  biographical  notice  will  appear  later. 

Professor  Kakl  Ai.fkrii  von  Zittkl,  the  eminent  paleontolo- 
gist of  the  University  of  Munich,  died  on  January  6,  at  the  age 
of  65. 
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Art.  XXIII. — Criteria  relatiiuj  to    ^fa>isioe'SoUd  Volcanic 

Eruptions ;  by  Israel  C.  Russkll. 

Since  Monte  Pele  ])resentod  «^eologi8t.s  witli  a  marvelous 
illustration  of  the  ability  of  a  volcano  under  certain  special 
conditions  to  force  a  mighty  column  of  solid  lava  vertically 
upward  into  the  air  from  the  summit  of  its  conduit,  the 
(juestion  has  frequently  been  asked  :  Are  other  examples  of  a 
similar  nature  known  \  The  reply  is  that  no  similar  shaft  of 
solid  rock  has  been  seen  to  ascend  from  the  summit  of  a  vol- 
cano, but  evidences  of  former  protrusions  of  a  like  nature 
have  been  recognized,  and  as  it  seems,  when  search  is  made 
aided  by  the  experience  recently  gained  on  Martinique,*  the 
records  of  massive-solid  eruptions  that  have  occurred  in  the 
past  will  perhaps  be  found  to  be  somewhat  common. 

In  order  that  the  appearance  of  the  example  of  a  massive- 
solid  volcanic  eruption  which  will  no  doubt  in  the  future  be 
taken  as  the  type  of  its  class,  may  be  fresh  in  mind,  the  reader 
should  turn  to  the  admirable  photographs  of  the  "obelisk"  of 
Monte  Pele,  published  by  Dr.  E.  O.  llovev,  in  this  Journal, 
October,  1903. 

The  striking  object  lesson  furnished  by  the  growth  of  the 
obelisk  of  Pele  has  ah-eady  stimulated  geologists  to  search 
for  the  records  of  similar  occurrences  in  other  regions. 
Results  in  this  direction  have  been  reported  by  IIovey,T  who 
during  a  continuation  of  his  important  explorations  in  the 
Lesser  Antilles,  found  that  the  (xrand  Soufriere  of  Gaude- 
loupe,  and  the  prominent  central  peak  on  the  Island  of  Saba, 

♦  DescriptionB  and  iUustrations  of  the  obelisk  of  Pel^  by  E.  O.  Hovey, 
have  been  published  in  this  Journal,  October,  1908,  vol.  xvi,  pp.  269-281  ; 
and  in  Science  for  November  18,  1903,  vol.  xviii,  pp.  638-634.  These  articlcH 
contain  references  to  the  publications  of  other  observers.  See,  also,  **  The 
Pele  Obelisk,"  by  Israel  C.  Russell,  in  Science  for  December  18,  1908,  vol. 
xvUi,  pp.  792-795. 

t  This  Journal,  vol.  xvi,  October,  1903,  p.  281. 
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benr  evidence  of  ])emg  tLo  result  of  massive-scilid  eruntinii" 
like  tiiat  Pel^  is  ^low  experiencing.  "  This  is  especially  plear," 
wrJtoB  Hovey,  "  in  the  case  of  the  Grrand  Sonfriert',  tlie 
iioTie  of  which  rises  above  an  old  crater-rim  which  il  hua 
hnried  in  the  same  way  that  Monte  Pele  is  now  giriviiifr  u> 
hitry  its  surrounding  crater-wails."  The  details  on  which  this 
uonclusion  is  based  havu  not  yet  appeared  in  print,  bnt  will  no 
donbt  when  published  fiiniisti  a  vahiable  contribntioii  Xm  the 
history  of  volcanoes. 

Sir  Richard  Stcachey,  in  a  note  in  Nature,*  presents  a  sketch, 
hut  unfortnnately  not  ucconipunied  by  a  description,  of  certain 
prominent  columns  in  the  Deccan  trap  region  of  India,  which 
nave  at  leaet  a  snperlicial  reRemI)lanee  to  the  obelisk  of  Pele. 
The  columns  represented  in  the  sketch,  however,  appear  to  be 
examples  of  the  nearly  complete  removal  by  erosion  of  rem- 
nants of  a  formerly  extensive  lava  sheet  resting;  on  leee  re»i»taDt 
beds  which  locally  have  been  left  in  relief  and  now  appear  as 
buttes  or  hills  owing  to  tiic  shelter  afforded  by  the  hard  bc<l 
above  them.  Similar  Imttee  with  prominent  columns  on  their 
ijummits  are  well  known  in  the  western  portion  of  the  irnited 
States,  and  have  long  lieen  recopiized  aa  monuments  spared 
by  erosion.  This  tentative  explanation,  while  based  principally 
on  the  sketch  published  by  Strachey,  and  familiarity  with  sim- 
ilar topographic  forms  in  the  region  drained  by  the  Columbia 
River,  and  occupied  by  the  rohinibia  River  lava— the  eoiinter- 
]i!ii-t  in  iiiitny  wiiy^  ut  the  Diiccaii  trap  nf  India — is  i-ustained 
by  other  considerations,  as  will  appear  later  in  this  article. 

Professor  John  C  Bi-annerf  has  recently  invited  renewed 
attention  to  Fernando  de  Noronha,  an  island  in  the  South 
Atlantic  about  230  miles  from  the  northeast  coast  of  Brazil, 
the  summit  of  which  is  formed  by  a  conspieuouB,  irregular 
tower-like  mass  of  igneous  rock,  500  feet  high,  the  inaccessible 
summit  of  which  rises  1000  feet  above  the  sea.  In  the  article 
referred  to  mention  is  made  of  the  fact  that  Charles  Darwin, 
in  giving  an  account  of  his  observations  while  connected  with 
the  voyage  of  the  Beagle  in  1832  to  1836,  remarks  in  refer- 
ence to  the  Peak  of  Fernando  de  Noronha:  "One  is  inclined 
to  believe  tliat  it  itas  been  suddenly  pushed  up  in  a  semi-fluid 
state."  Sketches  of  the  remarkable  culminating  spire  of  the 
island  are  also  presented  and  its  resemblance  in  form  and  simi- 
larity of  position  in  reference  to  the  elevation  on  which  it 
stands,  to  the  obelisk  of  Pele,  pointed  out. 

Branner  states  frankly,  however,  that  the  resoinbiance  of  the 
Peak  to  the  oljelisk  of  Pele  "may  be  i^uite  accidental,"  and  in 
the  earlier  article  mentioned  in  the  preceding  footnote  presents 

•Vol.  Liviii.  Oct.  ir.,  1903,  [ip.  ■iT3-.')74. 

tThiB  Jonrufll,  Deoember,  ltt03,  Series  IV,  vol.  xvi,  pp.  443-444.  A 
detailed  accoaut  of  the  geology  of  Fernando  de  Noronha,  also  by  Branser, 
WHS  published  in  the  same  Journal.  Series  III.  vol.  xxxvii,  1889,  pp.  145-161. 
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evidence  tending  to  show  that,  as  euggested  hy  Darwin,  "  the 
Peak  ie  part  of  a  great  dike,  the  only  remnants  of  which  now 
exposed  are  the  iipjiei'  portione  of  tlie  Peak  itself,  and  the 
colDmns  at  the  Horta  do  Pico,  a  short  distance  to  the  south-west." 
In  the  case  of  the  biittes  of  the  Deccan  trap  region  of  India, 
and  of  the  Peak  of  Fernando  de  Noronha.  the  snggentions 
that  have  been  offered  in  reference  to  their  being  of  the  same 
type  as  the  obelisk  of  Pole,  are  based  almost  entirely  on  simi- 
larity of  form  ;  bnt  something  more  than  this  is  evidently 
required  before  similarity  of  origin  can  be  considered  as  estab- 
lished. In  the  study  of  topO£!;raphic  forms  of  the  natnre  of 
those  in  question,  it  is  essentiaithat  criteria  for  their  classitica- 
tion  should  bo  formulated.  An  attempt  in  this  direction  will 
be  made  later  in  this  article,  after  which  the  places  to  be 
assigned  tlie  monumental  forms  brought  to  the  front  bv 
Stracliev  and  Branner  will  be  considered. 


FlQ.  1.     Pnunm  Crater,  Mono  Lake,  Cnlifoniiu. 
(B«prodaced   from   (he  Eightli   Annual   Report  uf  the  XJ.  S.  GeolORical 

It  is  not  necessary  to  go  to  India  and  Brazil,  however,  to 
iind  illnstrations  of  massive-solid  volcanic  eruptions  of  the 
Pel4  type,  as  instructive  examples  occur  among  the  abundant 
volcanic  records  of  the  United  States. 

In  the  case  of  the  extensive  group  of  recent  volcanic  craters 
on  the  east  side  of  Mono  Lake,  fJalifornia,  there  ai-c  several 
examples  of  the  upward  protrusion  of  highly  vieeous  or  essen- 
tially solid  lava  which,  in  at  least  one  histance,  rose  in  a  tower- 
like  form  to  a  greater  heigiit  than  the  rim  of  the  crater  of  lapilli 
which  BOrrounds  it.  The  phenomenon  referred  to  is  described 
as  follows  in  mybookentitled  "  Volcanoes  of  North  America,"* 
in  which  the  above  sketch  of  Panuin  crater  also  appears : 

*  In«el  C.  HuBsell :  "  Volcanoes  of  North  America,"  The  Macmillan 
Compaay,  New  Tork,  1887,  p.  221.  The  account  of  the  Mono  Craters  pre- 
BentM  in  this  booV  is  baaed  on  an  earlier  publication  by  the  same  author  ; 
DAinelj,  "  QiMiteniarT History  of  Mono  Valley,  California,"  in  the  eth  Annual 
Bcport  of  the  U.  S.  Qeologieal  Survey,  Waahington,  1889,  pp.  978-880. 
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"  In  some  caseH  when  an  upwelliue  of  lava  oi-eurrod  [in  tbv 
Mono  Craters]  it  barely  entered  the  liottoui  of  the  bowl  of 
IspilU  hofore  iK-coniing  congealed.  The  eruption  tiien  ceased, 
BO  far  a»  that  indiviilual  vent  was  concerned.  At  other  timee. 
the  thick  viscid  lava  waa  forced  up  in  the  center  of  the  crater 
nntil  it  stood  higher  than  the  encirclinj;  rim  of  lapilli,  but  did 
not  expand  laterally.  In  instances  of  this  natnre  there  is  a 
deep,  moat-like  depression  Itetween  the  rough  and  angular 
protmsioii  of  lava  and  the  smooth  inner  slope  of  the  eneir- 
cling  crater,  in  which  we  may  walk  entirely  around  the  central 
tnwer-liko  masB,  The  type  of  this  variety  of  eruption  is  fur- 
nished by  the  crat-er  shown  in  the  following  illuBtration  [here 
reproduced]  which  stands  near  the  shore  of  Mono  Lake,  and 
has  been  named  Panum  crater."' 

The  tower-like  mass  of  lava  in  Panum  Crater  U  not  of  the 
nature  of  a  cone  of  ernption,  as  is  explained  in  the  mono- 
graph on  Mon<i  Valley  referred  to  above,  Init  a  protrusion  of 
angular,  massive  rliyolitic  lava  the  chemical  com^rasition  of 
wuicli  is  given  later  m  tbis  essay.  The  lava  at  the  time  of  iti^ 
extrusion  was  so  nearly  solid  that  it  rose  with  essentially  verti- 
cal wall  to  a  height  of  about  150  feet  without  exhibiting  n 
tendency  to  flow  in  any  direction.  In  the  light  of  the  recent 
example  furnished  by  Pel6,  this  protrusion  of  lava  may  be 
accepted  as  being  of  the  natnre  of  a  massive-solid  eruption, 
which  occurred  subsequent  to  the  explosive  eruptioiiii  thiit 
built  the  sharp-crested  eucireling  crater  of  lapilli. 

The  observations  pertaining  to  a  peculiar  volcanic  eruption 
which  occurred  in  Bering  Sea  iu  1883,  during  which  the  snape 
of  Bogosloff  Island  was  greatly  altered,  are  discussed  in  "  Vol- 
canoes of  North  America,"  referred  to  above,  and  the  follow- 
ing conclusion  as  to  its  general  nature  presented ; 

"  Although  not  personally  familiar  with  Bogosloff,  I  venture 
to  suggest,  from  wliat  I  have  seen  in  connection  with  other  vol- 
canoes, that  the  formation  of  the  island  was  due  to  the  outwell- 
ing  of  viscous  lava,  which  hardened  at  the  surfaces  so  as  to 
resemble  the  rough,  scoriaceous  surfaces  so  common  in  lava  flows. 
The  lava,  being  quickly  cooled,  did  not  flow  as  a  stream,  but  as 
in  the  case  of  some  of  the  Mono  craters  previously  described, 
rot-e  in  rugged  scoriaceous  masses,  without  much  explosive 
violence.  Nothing  resembling  a  crater  ring  of  lapilli  and  dust 
is  reported  as  surrounding  the  elevated  crags  of  lava," 

Here  again  the  evidence,  interpreted  with  the  aid  of  the 
more  t^'pical  example  furnished  by  Pele,  indicates  that  a  mas- 
sive-solid eruption  occurred.  In  this  instance,  the  volcanic 
conduit  opened  beneath  the  soa,  and  the  eruption  was  sub- 
aqueous, but  a  protrusion  of  essentiallv  solid  lava  took  place, 
the  summit  of  which  rose  to  a  height  of  325  feet  above  the 
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ocean's  surface,  and,  as  is  shown  by  a  sketch*  made  in  the  fall 
of  1883,  here  reproduced,  had  a  tower-like  form  similar  to  the 
obelisk  of  PeM. 

The  rock  of  which  BogosloflE  is  composed,  as  determined  by 
G.  P.  Merrill,+  is  liornblende-andesite,  an  analysis  of  which  is 
presented  in  tlie  table  on  page  261  of  this  essay. 


In  the  case  of  BogohlofE  theie  is  no  c^  identt  mi  ictoul  of  a 
lava  flow,  or  that  an>  of  the  iiiatenal  extnuled  was  in  a  fluid 
or  even  moderateh  plantic  condition  As  wrll  be  rcmemljered 
no  fluid  lava  was  dischai^ed  fiom  Pamim  Cratei  and  up  to 
the  present  time  durmj,  the  still  continuing  penod  of  activity 
of  PeI6  only  f ragmental-sr  lid  and  niaftSue';olid  ernptioiis  have 
occurred,  excepting  tliat    highl>   viscous  clots  whicli   fell  as 

•  Science   vol   iii  18H4   p  SBS 

f  Science  vol  iv  18S4  p  524  also  Rocks  Bock  Weathenng  and  Soils 
by  the  saine  «ntboT     The  MscmilUn  Companj  New  York   1897  p  84. 
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"  bread-crust  l)uml)a"'  were  thrown  oat.  It  ia  iif  iiitei'cst  to  aiid 
to  this  filiort  list  of  voioanoee  which  have  erupted  material  in 
a  maeeive-Holid  cuiidition,  another  exairiple,  from  which  lavu 
was  di»cliart^d  in  tlic  three  or  forir  ways  ilhiatrated  by  Pclc. 
and  alM>  g&ve  ongin  to  a  straam  of  lava. 

The  vtJicano  referred  to  is  one  of  five  of  modern  date  (pmt- 
Glaeial)  situated  on  the  east  border  of  Paiihue  Lake  in  tho 
so  I)  til  centra  I  jiart  of  Oregou,  which  was  visited  by  X\iv-  writer 
durinjf  the  HUiumer  of  1903.  A  view  of  the  interior  of  thv 
crater,  showing  a  rough  but  generally  level  surface  surrounding 


Fio.  8.      Crater  of  e 

a  central  mass  of  crags,  is  here  presented.  The  rim  of  the 
crater,  not  appearing  in  the  illustration,  is  composed  mainly 
of  light-colored  pumiceous  lapilU,  atid  is  still  intact  for  about 
three-fourtha  of  its  original  circiiniference,  biit  its  northern  por- 
tion iw  concealed,  or  more  probably  was  breached  and  carried 
away  by  a  lava  fiow  which  was  discharged  from  the  crater 
and  went  northward  for  a  distance  of  two  miles,  and  expanded 
to  a  width  of  about  one  mile.  All  of  the  material  extnide<l 
seems  to  l>e  andcsite,  which  ranges  in  physical  characteristics 
from  compact,  dense,  black  vok-auic  glass  or  obsidian,  to  yellow- 
iBh-whitc  pumice  so  light  that  it  will  float  on  water  with  the 
buoyancy  of  cork,  Tlic  lava  stream  has  an  excessively  rough 
surface,  consisting  of  bhicks  of  obsidian  of  all  sizes  up  to  eight  or 
ten  or  more  feet  in  dituiieter  with  sharp  edges  and  corners, 
which   form   irit'gular  piles  and  ridges  in  many  instances  fifty 
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or  more  feet  higli,  as  well  as  massive  escarpments  and  smooth 
fissure-walls  of  the  same  material.  In  many  places  the  glass 
passes  into  a  highly  scoriaceoiis  rock,  resembling  a  coai'se  black 
pumice.  Along  the  sides  and  at  the  distal  end  of  the  lava 
stream  it  terminates  in  precipitous  escarpments,  exceedingly 
difficult  to  climb,  from  50  to  80  feet  high.  The  slope  down 
which  the  lava  flowed  has  a  descent  bv  estimate  of  at  least  500 
feet  to  a  mile,  and  the  fact  that  the  stream  halted  on  such  an 
incline  and  cooled  with  essentially  vertical  borders,  shows  that 
it  was  excessively  viscous  at  the  time  it  was  spread  out. 

The  feature  of  chief  interest  in  connection  with  the  volcano 
in  question  is  a  tower- like  mass  of  crags  of  gray  stony  or  gran- 
ular homogeneous  augite-andesite  (as  determined  by  F.  C. 
Calkins,  of  the  U.  S.  Geological  Survey),  without  either  obsi- 
dian or  scoria  and  in  which  there  is  a  notable  absence  of  a 
'^  flow-structure,"  which  rises  to  a  height  of  about  250  feet 
above  the  crater's  floor.  The  sides  of  tlie  central  mass  of 
crags,  as  may  be  judged  from  the  accompanying  pliotograph, 
are  precipitous,  and  allowing  for  the  blocks  that  have 
fallen,  must  at  one  time  have  been  nearly  vertical.  The 
lava  of  which  the  crags  are  composed  is  fresh  in  appearance, 
there  being  no  discoloration  of  the  surface,  and  scarcely  a 
lichen  has  taken  root  upon  it.  It  exhibits  no  evidence  of  there 
havine:  been  a  tendencv  to  flow  laterallv  at  the  time  it  was 
upraised,  and  although  irregularly  jointed  is  not  columnar. 

A  peculiar  feature  of  the  floor  of  the  crater  at  the  base  of 
the  crags  described  above  is  that  the  lapilli,  of  which  it  is  com- 
posed, are  in  irregular  heaps  and  piles  with  steep-sided  depres- 
sions between,  the  variations  in  height  between  the  hills  and 
hollows  being  from  10  to  fully  30  feet.  The  topography  of 
this  surface  is  surprisingly  like  that  of  certain  glacial  moraines, 
])ut  its  roughness  is  due  in  part  to  the  occurrence,  at  a  late  stage 
in  the  activity  of  the  volcano,  of  many  mild  steam  explosions 
in  the  f ragmen tal  material  of  which  it  is  superficially  composed, 
and  in  part  to  the  formation  of  fissures  in  the  rocks  beneath, 
which  permitted  the  loose  material  resting  on  them  to  subside 
irregularly.  AlK)ut  the  outer  margin  of  the  floor  of  the  crater 
from  its  eastern  around  its  southern  to  its  northwest  portion, 
there  is  a  belt  about  150  feet  wide  composed  of  obsidian  and 
]>lack  scoria,  which  resembles  the  surface  of  the  associated  lava 
flow.  This  partially  encircling  belt  of  large  fragments  margin- 
ing the  crater's  bottom  is  due  to  motion  which  took  place  after 
the  lava  of  which  it  is  composed  became  solid,  but  whether  the 
motion  was  of  the  nature  of  an  underflow  in  still  viscous  mate- 
rial beneath  a  rigid  cnist,  or  was  an  upward  movement  of  the 
entire  lava  column  within  the  crater,  is  uncertain.  I  am 
inclined,  however,  to  the  latter  opinion. 


2tiO  Jiitsmll — Maaaive-Solid   Volcanic.  Eruptumii. 

Wit.h<iiit  attemptinjr  to  put  on  record  si  this  time  all  of  tbt 
instructiye  features  of  tlie  volcano  on  the  border  of  Pntilia^ 
r^ke.  the  facts  iit  ite   history  of  chief  interest  in  cotmectio) 
with  the  study  of  massive-Bolid  emptionB  may  tte  briefly  en 
merated  ae  follows : 

The  beginning  of  the  eruption  was  cliaractorizofi  by  •■ 
occurrence  of  violent  steam  explosions,  which  blew  away  thM 
higlily  iicoriaceons  summit  portion  of  the  colnran  of  moltc 
material  that  rose  in  the  condntt  of  tlie  volcano  :  the  maten 
thus  extruded  consists  mostly  of  light  colored  pnmice,  bal 
min|;leil  with  it  are  sharp-etiged  flakes  of  obsidian,  and  fel' 
about  tlie  opening  fn>m  wbicli  it  came  i^o  as  to  bnild  a  wej 
defined,  sharp-crested  crater  with  smootli  slopes.  The  pro 
dact  of  these  earlier  explosions,  ti^ether  with  the  simila 
material  blown  out  at  about  the  same  time  from  fonr  aseti 
ciated  volcanoes  of  the  same  character,  was  distribnted  wideN 
over  the  adjacent  mountains.  Succeeding  the  earlier  ao^ 
most  violent  explosions,  came  an  ontwelling  of  viscoas  lafl 
which  flowed  northward  down  a  moderately  steep  iiicHnc,  bOd 
did  not  spread  widely  and  was  so  thick  and  viscons  that  H 
came  to  re€t  with  nearly  vertical  twrders,  the  elopes  of  which 
have  since  been  rednced  by  the  shattering  of  the  glass  of 
wliieh  they  are  composed,  and  the  fall  of  the  fragments  so  as 
to  make  steep  talnt>  api-oiis.  After  the  diechared  of  viscons 
lava,  tlie  central  pi>rtion  of  the  ascending  lava  cmnmn  became 
ri_fit(j  and  wiw  fori'i-'d  iipwtinl  by  pressure  from  l)elow  until  it 
stood,  as  at  present,  in  massive  crags,  250  feet  high.  Changes 
of  temperature  have  caused  some  shattering  of  the  central 
mass  of  stony  andesite,  but  "ot  nearly  so  much  as  in  the  case 
of  the  surface  of  the  neighboring  obsidian  lava-flow.  Follow- 
ing or  accompanying  the  protrusion  of  the  central  crags, 
renewed  but  minor  explosions  occurred  about  its  base,  during 
which  the  rocks  involved  were  broken  and  tossed  about  bnt 
not  thrown  to  a  great  height  or  widely  distributed.  Mingled 
with  the  angular  fragments  now  occupying  the  lai^r  portion 
of  the  crater  and  filling  it  nearly  to  the  level  of  the  part  of  its 
encircling  rim  which  remains,  there  is  an  occasional  volcanic 
bomb.  These  bombs  have  something  of  the  characteristic 
football  shape  common  among  such  volcanic  products.  The 
examples  seen  are  about  eight  inches  in  diameter,  and  do  not 
show  a  "bread-crust"  or  other  conspienous  surface  features. 
These  masses  were  projected  into  the  air  during  explosions  in 
a  viscous  condition,  and  received  their  rudely  spherical  shapes 
owing  to  rotation  alKiut  their  longer  axes  during  their  jerial 
flights.  Tiiey  cooled  before  striking  the  ground  and  were  not 
flattened,  and  were  imt  sufficiently  plastic  to  adhere  to  the 
loose  stones  on  whicli  they  fell.     Following  the  period  of  mild, 
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superficial  explosions  came  movements  wliich  l>rokc  the  rocks 
on  which  rests  the  irregular  surface  covering  within  the  crater, 
and  apparently  an  ascent  througli  a  distance  of  a  few  feet  of 
nearly  its  entire  mass. 

The  short  list  given  on  the  preceding  pages,  namely,  certain 
of  the  Mono  Craters,  Bogosloff,  and  the  nameless  crater  in 
Oregon  just  described,  contains  all  the  known  or  reason- 
ably inferred  examples  of  massive-solid  volcanic  eruptions  in 
America,  which  can  be  referred  to  the  Pele  type. 

With  the  fresh  impetus  to  the  study  of  volcanoes  supplied 
by  the  remarkable  behavior  of  Pel6,  a  demand  has  l)een  made 
manifest  for  criteria  by  means  of  which  the  topographic  forms 
produced  by  massive-solid  eruptions  can  be  distinguished  from 
analogous  features  in  the  relief  of  the  land.  The  first  step  in 
this  direction  is  the  fornmlation  from  all  available  data,  aided 
by  reasonable  inferences,  of  a  mental  conception  of  the  topo- 
graphic and  other  characteristics  that  massiVe-solid  eruptions 
should  present.  The  facts  in  hand  are  sufficient  to  enable  one 
to  make  an  approximation  to  such  a  conception,  but  the  picture 
will  no  doubt  have  to  l)e  modified  as  investigation  progresses. 

Table  of  Analyses. 

No.  1.  No.  2.  No.  3.  No.  4.  No.  5. 

Hyper-  Hom- 

Con-  Rhyolite.*      sthenef  })lende  Phono-  Basalt, 

stitaents.      Mono  Lake.     Andesite.  Andesite.^  lite.§  Cinder 

Monte  Pel^.  Bogosloff.  Buttes.  | 

SiO 74-06^         01-44^         5607f^         58-02<  51-14j^ 

A1,0, 13-85  17-27  lO'OO  20():i  13*95 

^^«^»>         trace  ''^'^  ^''^^  >  61H  ^^'^^ 

FeO     f -■    ^""^^^  4-1 H  0-92  (■  ^  '^  12-97 

MgO 0-07  2-28  2-12  O-HO  2-21 

CaO 0-90  6-36  7-70  189  <i-50 

NaO 4-60  3-54  4-52  0*35  359 

K,0 4-31  1-49  1-24  6-18  2*33 

H,0 2-20  -88  0-99  1*88  -34 

•  Analysis  by  T.  M.  Chatanl,  U.  S.  Geological  Survev,  Htli  Annual  Report. 
1886-87,  Ft.  I,  p.  380. 

f  Analysis  by  W.  F.  Hillebrand,  National  Geograpliic  Magazine,  vol.  xiii, 
July.  1902,  p.  ^1  ;  average  of  three  analyses :  minor  ingredients  an  given 
in  original  report  are  not  included. 

IG.  P.  Merrill,  Rocks,  Rock-Weathering  and  Soils,  j).  84. 

§G.  P.  Merrill,  Rocks,  Rock-Weathering  and  Soils,  p.  80.  Average  of  six 
analyses  given  by  Zirkel :  includes  also  MnO,  0*58  per  cent. 

I  Analj^s  by  W.  F.  Hillebrand,  U.  S.  Geological  Survey,  Bull.  199,  p.  87 : 
contains  also  TiOj  2*41  per  cent ;  ZiOa  012  per  cent ;  MnO  044  per  cent ; 
BaO  0-25  per  cent ;  Pa()»  1-59  per  cent ;  Fl  010  i)er  cent :  FeS,,  (S  =  0"08) 
0*15  per  cent,  and  traces  of  VaO, ;  NiO  ;  SrO  ;  and  CI. 

One  of  the  first  questions  to  present  itself  in  searcliing  for 
criteria  by  means  ot  wliicli  massive-solid  can  l>e  distinguished 
from  other  volcanic  eniptions,  is :  Do  the  lavas  extruded  in 
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timt  condition  liave  any  chftrattteri^tip^  in  tiicir  clieiuioal  coni- 
poHition  wliicli  will  sen-e  to  diSerentiate  them  from  other  Uvoh  ( 
The  reply,  so  far  a»  it  can  at  present  be  I'ormnlateti.  must  evi- 
dently Lte  l>fiHed  un  tlie  analyses  of  the  rocks  known  to  have 
been  extrnded  in  a  ma&sipe-Bolid  condition  and  a  vonipariaon  of 
them  with  th«  composition  of  lavas  not  known  to  have  lieen 
erupted  in  that  manner. 

In  the  above  tahle  tlic  available  aualyse*  of  the  exampW 
of  iiiHi*ive-eolid  eruptions  described  on  the  preceding  pages, 
have  l>een  assembled,  together  with  an  analysis  of  a  characteriH- 
tic  phonolite  (No.  4)  to  represent  the  rock  of  the  Peak  of  Fer- 
nando de  Noronha,  and  also  an  analysis  of  liasalt  (No.  5)  which 
is  known  to  have  been  erupted  in  a  highly  flnid  condition. 

To  the  exauiples  of  massive-solid  ernptions  cited  in  the 
table,  should  be  added  an  analysiR  of  the  augite-andeeite  of 
the  crater  near  Pauline  Lake,  Oregon,  described  on  a  previons 
pa^o,  but  this  data  is  not  available. 

Ah  indicated  by  laboratory  experiuienta  made  on  the  fusi- 
bility of  shales  and  clays*  similar  in  chemical  composition  to 
the  rocks  eniuuorated  above,  the  relative  fusing  points  of  sncli 
rocks  may  be  roughly  or  (qualitatively  cTjiressed  by  the  ratio 
of  the  silica  and  aUiminH  to  the  iron  oxidee,  uiague«ia.  lime, 
soda  and  potash,  or  the  "*flnxe!^"  present  in  tliera.  The  rule 
being  that  for  mixtnret!  of  the  general  nature  that  lavas  pre- 
sent, the  higher  the  ratio  of  thtxiuicaaud  alumina  to  the  Hnxes 
present,  the  greater  the  degree  of  heat  necessary  to  cause 
f  nsiou,  under  laboratory  conditions.    On  arranging  the  analyses 

Siven  in  the  above  table,  so  as  to  indicate  the  ratio  of  acid  to 
nsie  substances  given,  we  have  the  following  if 


Table  Showing  Belativb  Pusibilitt. 
Ratii 
SiO 
SiO,  +  Al,0..    "  Flniea,  "      A1,C 


SiOi  +  ApproiiiDBte 

"      AIiO)  to  temperstnrH 

■■  FluxeB."  of  roaiou.l 

1.  Rhjolite  of  Mono  Craters  87-90;;       9-88!«               38  3100°F. 

2.  Andesite  of  Peie 78-71        19-88  3-9  1 

3.  Phonolite 78-05       2140                 se  >  2520 

4.  Andesite  of  Bogosloff  - . .   7513       -il-sg  3-4) 

5.  Basalt  of  Cinder  Hutios.   65-09       --'SHI                 2"2  2250 

As  indicated  by  the  ratios  given   in  the  third  colnmti   of 

*  H.  Rien,  Claja  and  Slinles  of  SUchitittii,  in  Gei)lo({icftl  Snrvev  of  Michi- 
gan, vol.  viii.  Psrt  I.  190(1. 


fTliis  tablelH  imly  appr<)XimHtpl.v  correct  Hince  no  nccoant  is  taken  of  the 
water  present ;  anil  In  Oie  case  of  the  niimbeni  2  an<1  ii,  iiu  account  ie  taken  of 
the  wveml  minor  ciinHtitnentH  [jiveii  in  Ihe  analyseK  as  i)ri«inally  reported. 

t  AeconliiJK  to  experimentn  l>v  CJ.  Banm.  fjuoti-il  in  J.  D.  Dana's  Manual 
of  Oeol.w-.  *tl.  .'.l.  1,W>,  p.  -iTA.' 
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tlie  table,  the  rocks  are  arranged  according  to  their  degree  of 
fusibility ;  the  most  refractory  being  the  rhyolite,  and  the  most 
fusible  the  basalt.  The  known  massive-solid  eruptions  1,  2  and 
8  are  thus  shown  to  consist  of  refractory  lavas.  On  the  other 
hand,  basalt,  which  so  far  as  known  has  not  been  extruded  in 
a  massive-solid  condition,  is  more  readily  fusible,  and  in  the 
case  of  the  example  cited,  as  recorded  elsewhere,*  was  poured 
out  in  a  highly  nuid  condition.  From  the  data  in  hand  it 
appears,  therefore,  that  one  of  the  characteristics  of  the  rocks 
known  to  occur  in  massive-solid  extrusions  is  their  refractory 
nature.  That  this  is  always  a  characteristic  condition,  however, 
cannot  as  yet  be  definitely  afiirmed.  Another  related  condi- 
tion is  the  amount  of  w^ater-vapor  present,  since  aqueo-igneous 
fusion  is  known  to  require  much  less  heat  than  dry  fusion. 
The  bearing  of  this  principle  on  the  occurrence  of  massive- 
solid  volcanic  eruptions,  although  seemingly  of  fundamental 
importance,  cannot  be  discussed  at  this  time.  Assuming,  how- 
ever, that  the  influence  of  \vater-vapor  on  the  fusion  of  acid 
and  basic  lavas  is  the  same,  it  is  evident,  from  the  data  given 
above,  that  the  former  should  occur  more  commonly  than  the 
latter,  in  massive-solid  extrusions. 

In  addition  to  the  presence  of  a  plug  of  rigid  lava  in  the 
summit  portion  of  a  volcanic  conduit,  in  order  to  bring  about 
a  massive-solid  extrusion,  it  is  evident  that  there  nmst  also  be 
sufficient  pressure  on  the  base  of  the  plug  to  force  it  out.  Such 
pressure,  as  we  know,  is  present  during  the  eruptions  of  many 
and  we  presume  all  volcanoes  which  discharge  lava.  Tlie  critical 
or  determining  conditions,  which  lead  to  massive-solid  eruptions, 
seem  to  be  that  the  lava  in  the  summit  portion  of  a  volcano  in 
action  shall  become  solid.  The  lavas  most  apt  to  solidify  at 
such  times  are  evidently  those  which  are  refractory  and  on  cool- 
ing pass  quickly  from  a  fluid  to  a  rigid  condition ;  that  is,  the 
lavas  rich  in  silica  and  alumina  and  relatively  poor  in  basic 
substances.  Hence  as  it  seems,  it  is  to  be  expected  that  massive- 
solid  extrusions  will  consist  of  rocks  like  the  rliyolites,  trachytes, 
andesites  and  phonolites,  rather  than  basalts  or  still  more  basic 
lavas. 

Judghig  from  the  heated  conditions  of  the  material  extruded 
during  a  massive-solid  eruption  at  the  time  it  rises  into  the  air, 
and  reasoning  also  from  the  known  variations  in  the  physical 
and  mineralogical  features  of  igneous  rocks  which  depend  on 
ttie  conditions  under  which  they  solidify,  we  should  expect  the 
lavas  extruded  in  a  massive-solid  condition  to  present  at  least 
three  leading  physical  characteristics :  they  should  be  (1)  com- 
pact, or  at  most  but  moderately  vesicular,  and  not  scoriaceous, 
(2)  granular  or  perhaps  finely  crystalline  but  not  glassy,  and 

•  Israel  C.  Ruflaell,  U.  S.  Geological  Survey.    Bulletin  No.  1»9,  Washington, 
1902,  p.  88. 
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witlioitl  €im*\)i<nu>iu,  vfystaU,  Riid  (3)  irregiilftrly  jointed  bat 
witbdUt  a  well  detinen  (^)lumiiar-elrDctnre.  Each  of  tbeM> 
propoetlions  xonv  for  conrenicnco  be  eonaidered  separatelv  : 

1.  A  0<>mp«ct  rather  tbun  a  woriaceoDS  condition  of  thelara 
forced  out  during  iniij»ivfc-«.i|id  ernptiims  is  to  be  expect^ 
from  tiie  fact  thftt  pnecedinfr  liquid  or  fra^iientAi-^olid  dii^- 
diu;ges  W£mld  have  renioTiM)  tlie  more  thopongidv  vapor- 
cbarged  enminil  portion  of  the  risiug  column,  wltile  i\iv 
materul  ftl  a  gr««t(.^r  depth,  le>w  thoron^ly  vapor-charged  and 
oongeaKtig  tinder  prtweure,  would  form  a  compact  lava.  Tam- 
ing to  the  ktiovu  examp1e«i  of  maesive-mlid  emptionti  available 
for  GompariiiOR.  wv  find  this  oonclnsion  snstainea  in  the  cade  of 
the  eenlrai  cnigi'  in  the  Oregon  crater  described  aliove,  which 
eonsifitii  of  compact  granular  material. 

"i.  A  Btonj  or  grsnnlar  texture,  withoal  well  detinetl  or 
conspicuous  crrHtals,  would  be  expected  because  the  lava  eoiimli- 
dateo  with  comparative  rapidity  near  the  sun>mit  of  the  con- 
duit from  which  it  is  later  extruded,  thus  not  ntlowing  »nf&- 
cient  time  for  an  advanced  stage  of  crystallization .  On  the  otf 
tiaiid,  cooling  takes  place  lee«  rapidly  than  in  the  surface  p 
ti<jn  of  a  lava  ^heet,  and  a  glaiisy  textnre  would  not  be  expected. 
The  rock  in  qneation  should  seemingly  be  intermediate  in  stmc- 
tnre  between  those  which  coo)  slowly,  af^  in  intruded  ebeeb^ 
and  the  central  parts  of  thick  lava  Hows,  and  thoee  which  cool 
rto  rapidlvthatn  glasx  foljsiditin)  results.  Although  this  rea- 
H.Hiirjj:  sruins  lu  I,.-  loirioiil.  Vut.  ns  is  wvW  known,  i-ryslal^  htc. 
sometimes  formed  in  deep^eated  magmas  and  are  carried  to  the 
unrface  when  the  containing  magmas  migrate  ontward  and  are 
discharged  by  volcanoes.  This  phase  of  the  problem  is 
obscure,  and  possibly  a  granular  or  crypto-crystalline  structure 
may  not  be  an  essential  characteristic  of  lava  extruded  in  a 
massive-sohd  condition. 

Turning  again  to  tlie  known  examples,  we  find  the  rock  com- 
posing the  crags  in  Panum  crater,  and  the  one  in  Oregon 
descrilied  above,  to  he  stony  in  texture,  and  in  the  case  of  the 
<lregon  crater  at  least,  witlioat  either  porphyritic  crystals  on 
the  one  hand,  or  obsidian  or  pnmice  on  the  other. 

3.  Columnar  strncture  in  igncoiis  rocks,  as  is  well  known, 
rewiilts  from  slow  cooling,  and  tlie  (rohiinns  formed  under  such 
conditions  have  their  longer  axes  at  riglit  angles  to  the  cooling 
surfaces.  As  the  material  forced  out  during  massive-solid  erup- 
tions is  still  Iiot  wlicn  it  reaclies  the  air.  and  as  the  diameter  of 
such  extrndeil  masses,  so  far  as  known,  is  hut  a  few  hundred  feet, 
it  is  to  be  expected  that  cooling  would  progress  too  rapidly  and 
toi>  irregularly  tn  pi-nnit  of  the  formation  of  systematically 
arrangwl  joints,  and  hence,  a  well-defined  colunmar  structure 
would  he  alwent.  If  in  large  extrusions  the  rate  of  cooling 
did  permit  of  the  origin  <if  a  coluuniar  strnctnre.  the  columns 
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shoald  be  best  defined  in  tlie  central  part  of  the  mas8,  and 
radiate  outward  from  a  central  vertical  axis  toward  the  sides. 
The  most  that  could  seemingly  be  expected,  however,  would 
be  irregular  and  confused  jointing  without  the  formation  of  a 
columnar  structure.  Once  more  checking  deductions  by  obser- 
vation, we  find  no  evidence  of  columnar  structure  in  the  mas- 
sive-solid material  extruded  from  either  the  Panum  crater  or 
the  crater  near  Pauline  Lake.  As  to  the  other  examples  cited, 
information  in  this  connection  is  lacking. 

There  is  one  other  feature  of  volcanic  rocks  which  might  rea- 
sonably be  expected  to  occur  in  those  forced  to  the  surface  in 
a  massive-solid  condition,  namely,  a  brecciated  structure ;  that  is, 
the  presence  of  angular  fragments  of  the  parent  lava,  adhering 
one  to  another  or  united  by  portions  of  the  same  magma  which 
consolidated  about  the  fragments  produced  by  the  fracturing 
of  the  portion  which  cooled  earlier.  Such  volcanic  breccias 
are  common  in  the  lava  flow  about  the  Mono  craters,  and  in 
the  similar  lava  stream  near  Pauline  Lake,  but  have  not  been 
observed  in  the  massive-solid  extrusion  of  those  localities. 
From  the  manner  in  which  massive-solid  eruptions  take  place, 
however,  it  seems  as  if  the  conditions  would  favor  the  pro- 
duction of  brecciated  rock  of  the  type  just  mentioned. 

The  crucial  test  of  the  above  deductions  will  come  when  the 
activity  of  Pele  has  decreased  sufficiently  to  permit  of  a  criti- 
cal study  of  its  obelisk.  The  prediction  may  be  ventured, 
however,  that  it  will  be  foimd  to  be  composed  of  massive  but 
somewhat  porphyritic  rock  since  the  products  of  the  fragmen- 
tal-solid  eruption  are  of  this  nature,  and  without  definite  col- 
umnar structure,  although  irregular  or  confused  jointing  will 
no  doubt  be  present. 

In  reference  to  the  topographic  forms  analogous  to  those  pro- 
duced by  massive-solid  eruptions  and  which  might  be  mistaken 
for  them,  there  are  seemingly  but  three  directions  in  which  uncer- 
tainty is  likely  to  arise.  These  are :  (1)  the  similarity  in  shape 
and  in  location  of  the  crags,  spines,  obelisks,  etc.  produced  by 
massive-solid  eruptions,  and  the  ordinary  eoties  of  eruption 
such  as  are  typically  illustrated  by  the  one  which  forms  from 
time  to  time  within  the  crater  of  Vesuvius ;  (2)  the  similarity 
of  ol^lisks,  etc.  to  the  tower-like  forms  produced  by  the  ero- 
sion of  craters  within  the  conduits  of  which  lava  has  cooled 
and  hardened,  so  as  to  form  what  are  termed  volcanic  n-ecks  ; 
and  (3)  the  tower-like  forms  resulting  from  the  weathering  of 
lava  sheets  which  rest  on  less  resistant  and  as  is  most  coujuionly 
the  case,  incoherent  sedimentary  strata,  or  beds  of  tufP,  and 
frequently  termed  erosion  coluninsl 

1.  The  necessity  of  distinguishing  between  massive-solid  erup- 
tions and  cones  oi  eruption  arises  principally  from  the  fact  that 
in  fresh  and  well-characterized  examples  of  each  class,  an  eleva- 
tion is  present  within  an  encircling  crater.     Cones  of  erup- 
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tion,  however,  in  all  known  in&taiices  are  couijtoeed  of  higlilr 
scoriaceoufi  material,  consistiug  of  lava  blocks,  lapilli,  lK>mb8, 
cakeit  formed  of  splnslies  of  liquid  lava,  dui^t,  etc.,  nnd-lisve  a 
tuW.  or  oondiiit  witliiu,  leading  upward  to  a  cmti-r  at  the  top. 
Such  fitnicturee  are  in  fact  miiiiatnre  volcanic  cone^  of  thu 
same  guneral  character  aw  tbe  greatt-r  ixtues  in  tlie  craters  of 
wliieh  ihi'V  an;  formed.  In  all  of  tlie  cliomcteristicn  mentioned 
the  diffei-eDcee  between  oone«  of  ernption  and  inaesive-eolid 
extmsione  are  obvione  and  newl  no  farther  disenseion. 

"i.  The  similarity  between  volcaiiif  dogIvH  exposed  by  the 
removal  of  their  enclosing  coiiee,  and  the  tower-like  forms  pru- 
dnced  by  masAire-ftulid  extrneion.  as  in  the  case  of  Pele, 
ia  most  strikin]^.  This  similarity  approximates  to  identity, 
inasmuch  a«  a  volcanic  neck  and  a  volcanic  obelisk  may  be  por- 
tions of  the  t>ame  lava  column ;  the  former  being  the  material 
within  a  condnit  which  cooled  in  place,  or  if  forced  upward 
did  not  emei^  from  ite  enctosiug  tnbe,  while  the  latter  rejire- 
»cnte  the  Bnmmit  portion  of  a  congealed  lava  column  that  ha* 
been  forced  out  of  its  parent  condnit. 

Fresh  and  uneroded  obelisks  are  not  to  be  iniataken  for  vol 
canic  necks  exposed  by  erosion,  bceaiiHe  of  their  freehneee  and 
the  prtsence  abont  them  of  crater  walls,  or  evidence  of  the 
dentniction  of  anch  encircling  rims  by  explosions,  or  their 
burial  beneath  the  debris  falling  from  the  olwliska  themselves, 
etc.  Tt  is  in  drawing  distinctions  l>etween  much  weathered 
obelisks  and  volcanic  necks  when  exposed  by  erosion,  that 
ditEcnIty  is  likely  to  arise. 

In  the  case  of  well-characterized  volcanic  necks  and  good 
although  much  weathered  examples  of  volcanic  obelisks,  it 
seems  possible  to  draw  a  distinction,  although  their  shapes, 
positions,  etc.,  are  essentially  the  same.  The  material  forming 
a  volcanic  neck  cools  slowly  on  account  of  the  insulation 
afforded  by  its  enclosing  cone,  and  would  be  expected  to  form 
a  well  crystallized  and,  m  the  ease  of  most  lavas,  a  porphyritie 
rock.  Owing  to  slow  cooling,  also,  the  rocks  of  volcanic  necks 
should  exhibit  a  well  defined  columnar  structure.  Such  we 
know  to  be  the  case  in  certain  typical  examples  situated  in  the 
northwestern  part  of  New  Mexico  and  having  a  height  of  from 
SOO  to  KlOO  feet  above  the  adjacent  plain,  concerning  which 
Major  0.  E.  ])iitton*  writes  as  follows:  "In  all  of  these  necks 
the  basalt  is  eoliminar.  The  columns  stand  or  lie  in  all  sorts  of 
attitudes,  and  in  most  cases  are  curved.  Frequently  they  are 
grouped  in  radiating  fasdw,  and  at  times  are  flexed  and  re- 
tlexed."  The  coliuiins  are  described  as  varying  in  size  from 
five  or  six  inches  to  more  than  twenty  feet  across  ;  the  larger 
ones  being  gcneraliy  vertical. 
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Then,  too,  volcanic  necks  may  contain  rocks  of  any  chemical 
composition  ranging  from  iiltra-hasic  to  nltra-acid,  that  are 
extruded  by  volcanoes;  vvliile,  as  already  stated,  tliere  seem  to 
be  good  reasons  for  concluding  that  massive-solid  eruptions 
occur  only  in  the  case  of  volcanoes  which  are  supplied  with 
highly  refractory  lavas. 

With  these  considerations  in  mind,  any  monumental  rock 
that  simulates  an  obelisk  in  form,  which  is  composed  of  basic 
or,  more  strictly,  easily  fusible  material,  might  with  greater  prob- 
ability be  classed  as  a  volcanic  neck,  then  as  a  volcanic  obel- 
isk. And  again,  if  the  material  composing  such  a  monument 
is  coarsely  crystalline,  and  traversed  by  definite  systems  of 
joints,  producing  a  well-defined  columnar  structure,  the  evi- 
dence is  seemingly  conclusive  that  it  is  not  of  the  nature  of  a 
volcanic  obelisk.  In  this  connection  the  conditions  revealed  by 
the  uncovering  and  erosion  of  subterranean  intrusions,  such  as 
dikes,  plutonic  plugs,  laccoliths,  etc.,  need  to  be  borne  in  mind, 
but  space  does  not  permit  of  considering  them  at  this  time. 

Reverting  to  the  case  presented  by  Fernando  de  Noronha; 
the  topographic  form  and  prominent  position  of  the  Peak  are 
such  as  *o  simulate  in  a  remarkable  way  the  conditions  that 
may  reasonably  be  supposed  to  pertain  to  a  weathered  obelisk ; 
the  rock  of  which  it  is  composed,  as  reported  by  Darwin  and 
Branner,  is  phonolite,  and  although,  so  far  as  I  am  aware,  no 
analysis  is  available  of  this  particular  example,  phonolites  in 
general  have  approximately  the  composition  indicated  in  the 
table  presented  al)ove,  and  are  to  be  included  among  the  igneous 
rocks  of  medium  fusibilitv.  The  rocks  associated  with  the 
phonolite  which  forms  the  Peak  of  Fernando  de  Noronha  and 
other  neighboring  elevations,  as  stated  by  Branner,*  are  of  a 
basaltic  type  and  compose  the  greater  part  of  the  island.  From 
this  same  authority  also,  we  learn  that  the  phonolite  of  the 
Peak  is  conspicuously  columnar ;  "  The  direction  of  the  columns 
varies  in  some  cases  as  much  as  fifty  degrees.  The  lowest  rocks 
of  the  Pe£^k  exposed  in  place  are  the  irregular  columns  upon 
the  eastern  side.  The  columns  are  here  very  nearly  vertical ; 
but  higher  up,  even  upon  this  side,  they  twist  and  bend  to  the 
northeast  and  thus  form  the  overhanging  projection  which  is 

so  remarkable  a  feature  of  this  great  rock On  its 

western  side  the  columns  stand  at  various  angles  with  the 
meridian,  and  usually  at  a  high  angle  with  the  horizon."  A 
comparison  of  this  description  with  that  of  the  columnar  struc- 
ture of  the  volcanic  necks  of  New  Mexico,  quoted  above,  is 
highly  suggestive. 

It  thus  appears  that  the  facts  recorded  concerning  the  Peak 
of  Fernando  de  Noronha  do  not  furnish  positive  evidence  as 
to  its  mode  of  origin.  Its  shape  and  prominent  topographic 
position  are  similar  to  those  of  the  obelisk  of  Pel6,  but  on  the 

♦This  Journal,  III,  vol.  xxxvii,  1889,  p.  150.    . 
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otiier  hand,  correspond  fiiUv  as  well  witli  the  »iiititar  featares 
of  many  volcanic  necks,  The  chemical  composition  of  the 
rock  of  which  the  Peak  k  composed,  eo  far  as  siiggestiVe  of  it« 
degree  of  fusibility',  is  siinilai*  to  that  of  tlie  material  empted  by 
Pel^;  and  ao  far  ae  this  fact  has  weight,  it  in  evidentlv  not 
opposed  to  the  idea  that  the  rock  in  question  was  extruded  in 
a  mas»ive-wilid  condition.  The  well-defintd  coluniDar  struc- 
tnn;  of  the  Peak,  however,  is  so  similar  to  that  of  many  vol- 
canic necks  and  etill  more  nnmerous  igneoiiti  dike&,  and  \%  an 
iinlike  the  jointing  observed  in  at  least  two  examples  of  mas- 
sive-solid extrusions,  and  so  nnlike,  also,  as  we  eeera  justified  in 
aesnming,  the  jointing  to  lie  expecte<l  in  all  such  extmsioni', 
that  it  favors  the  eoncliuion  of  its  being  a  volcanic  neck  or  a 
portion  of  an  igneous  dike,  mtlier  than  of  the  nature  of  the  otiel- 
i*k  nf  Pelg. 

In  reference  to  the  criteria  by  means  of  which  a  distinction 
can  be  drawn  between  residual  masses  of  lava  aheots  left  ^ 
culmnns  on  the  tops  of  hills  or  buttes.  and  obelisks  of  the  Peic 
type,  but  little  need  be  wtid,  since  even  a  cuwory  tsxa  mi  nation 
of  such  monnments  of  ei-osion  is  usually  sutficient  to  reveal 
their  history.  Erosion  columns  may  be  composed  of  u,n\  vari- 
ety of  volcanic  rock,  but  as  is  well  Known,  arv  moat  cominuiil}' 
btifialtic^  are  usnaily  vertically  jointed  and  frequently  coiiepiv- 
uoRsly  columnar,  and  reat  on  soft  or  inooherant  inaleriai.  In 
most  instances,  also,  in  regions  where  one  such  residua)  column 
occurs,  other;;  of  hiniilar  nature  are  apt.  to  be  present,  as  well  iit 
flat-topj)ed  mesa*;  and  even  broad  table-lauds.  Tiius  in  tlir 
nature  of  the  material  of  which  the  columns  referred  to  are 
composed,  and  in  their  structure  and  associations,  they  differ 
widely  from  massive-solid  extrumons. 

It  IS  at  preKcnt  impracticable  to  apply  the  above  mentioned 
criteria  to  the  columns  in  the  Deccau  trap  regions  of  India, 
referred  to  by  Strachey,  except  so  far  as  tof>ography  and  the 
general  nature  of  the  rock  are  concerned.  Top<^rapliicallj 
the  columns  represented  in  the  sketch  mentioned  on  an  early 
page  of  this  essay,  seem  to  agree  much  more  nearly  with  ero- 
sion columns  than  witli  volcauic  obelisks,  a  view  which  is  sus- 
tained by  the  presence  of  two  examples  near  each  other.  The 
Deccan  trap  is  composed  of  basaltic  rock,  such  as  is  common 
in  erosion  columns  and  not  as  yet  known  to  occur  in  volcanic 
obelisks.  The  evidence  seems,  therefore,  to  indicate  that  the 
columns  in  question  are  residual  masses  left  bv  the  nearly  com- 
plete erosion  of  a  formerly  widely  extended  sheet  of  lava. 

From  the  considerations  presented  in  this  essay,  it  will  be 
seen  that  the  recent  eruptions  on  JIartinique  have  made  impor- 
tant contrihutionR  to  both  geology  and  geography.  In  the 
investigation  of  volcanoes  geological  and  topographical  studies 
go  hand  hi  hand  and   mutuallv  assist  each  other. 
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Art.  XXIV. — On  a  Netv  Nepheline  Rock  from  the  Province 
of  Ontario^  Caimdu ;  by  Frank  D.  Adams. 

[Pabliahed  with  the  permissiou  of  the  Acting  Director  of  the  Geological 
Snrvey  of  Canada.] 

In  a  paper  wliicli  appeared  in  this  Journal  some  years  since,* 
the  discovery  of  a  large  body  of  nepheline  syenite  in  the  town- 
ship of  Dungannon,  in  eastern  Ontario  about  85  miles  northwest 
of  Kingston,  was  recorded.  As  stated  at  the  time,  this  occur- 
rence is  of  large  dimensions  and  the  rock  constituting  it  is  in 
many  respects  remarkable  in  character.  Tlie  discovery  was 
one  of  the  fii^st  results  of  a  geological  survey  of  this  part  of 
Ontario — at  that  time,  geologically  speaking,  a  terra  incognita 
— which  had  just  been  undertaken  by  the  writer  for  the  Geo- 
logical Survey  of  Canada.  As  the  survey  was  continued  during 
several  succeeding  summers,  many  additional  occurrences  of 
nepheline  syenite  were  discovered  and  mapped,  and  as  the  result 
of  more  extended  study  the  area  is  now  known  to  present  one 
of  the  most  extensive  and  interesting  developments  of  nephe- 
line-bearing  rocks  which  are  known  to  occur  anywhere.  The 
geological  maps  of  the  area  in  question,  by  Dr.  Barlow  and  the 
writer,  are  now  completed  and  are  being  engraved,  and  it  is 
expected  that  they,  with  the  accompanying  report,  will  be  ready 
for  distribution  shortly.  During  the  progress  of  the  survey, 
Prof.  Miller  and  Dr.  Coleman  of  the  Ontario  Bureau  of  Mines 
visited  the  district  and  described  certain  of  the  occurrences  of 
the  nepheline  syenite  in  papers  published  in  the  Ileports  of  the 
Bureau  and  elsewhere. 

When  engaged  in  elaborating  their  Quantitative  System  for 
the  Classification  of  Igneous  llocks,  Messrs.  Iddings,  Cross, 
Pirsson,  and  Washington  found  that  certain  subdivisions  of 
their  scheme  had  no  representatives  amongst  the  rocks  hitherto 
described.  One  of  these  subdivisions  was  Order  S  of  the  Per- 
alkalic  Persalanes,  to  whicli  would  belong  Jiepheline  syenites 
very  poor  in  feldspar  and  very  rich  in  nepheline,  with  perhaps 
allied  varieties  of  related  rocks.  As  it  has  been  mentioned  in 
the  paper  on  the  Dungannon  nepheline  syenite,  that  in  that  dis- 
trict rocks  composed  almost  exclusively  of  nepheline  occurred, 
the  authors  of  the  Quantitative  Classification  suggested  that 
this  order  might  be  called  Ontarare.  xS<»  analysis,  however,  of 
any  of  these  rocks  had  then  been  made,  so  that  their  precise 
composition  remained  somewhat  doubtful.  The  name  Onta- 
rare, however,  was  given  to  the  order,  the  present  writer  under- 
taking to  make  good  the  claim  of  the  Province  to  the  bestowal 
of  the  name,  by  describing  an  Ontarare  from  the  district  in 

*  F.  D.  Adams :  On  the  Occurrence  of  a  Large  Area  of  Nepheline  Syenite 
in  the  Township  of  Dungannon,  Ontario,  this  Journal,  July,  1894. 
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qui«tioii  whidi  would  serve  as  &  l_ypc  for  tlie  order.  It  U  tie 
ptirpoee  of  the  nrpseut  pai>er  to  maka  good  this  nndertskini;  liy 
aescrit)iiig  the  nrst  Oiitararc, 

The  tiephBliut.-  ^^'enitee  of  eagtvrt]  Ontario,  while  alwavs  pru- 
sviitni^  the  saiiK?  geueral  chiiracter.  arc  repn-wsntcd  by  inauy 
varietur.  The  ro<^k  is  usually  eoai-ae  in  textnre,  while  in  »>tiii- 
of  its  pegmatitii!  developments  the  most  extraordinary  size  of 
grain  ie  attained.  In  one  o(renrrunce  wat  the  village  of  Good- 
erhain  in  the  township  of  (JlaniorgHii,  eonsitttint;  of  nepholinv. 
nlbite,  and  an  oocaeional  individual  of  lepidomelane,  the  nephe- 
lino  maeaes — for  the  most  part  single  individuale—are  often  as 
much  as  three  feet  in  diatri«t«r;  while  in  several  othtar  i>ccur- 
rtsnees  nephcline  syenite  pegniatites  of  ahnof;t  e*jnal  «>aracii^w 
of  grain  have  been  found.  Tlie  rock,  furthermore,  differs  from 
thai  of  most  nepliolinc  syenite  occvirrcnctw,  la  that  it  commonl; 
presents  u  more  or  Icse  distinet  foliiition  or  gneissic  straotiire. 
which  foliation  ie  not  due  to  crntdiingtn  titu  with  tin;  dovelop- 
ment  of  cataclastie  stnicture,  hut  i«  pi-odneed  by  a  imralld 
arrangement  of  the  t'onstitwont  minerals,  which  arran^inent 
K><!mH  to  he  a  primary  one  or  ie  at  least  iinaceompanied  by  pres- 
sure phenomena. 

The  nepheline  syenites  of  the  region,  furthermore,  show* 
wide  variation  in  mineralogical  ^imposition,  several  varieties 
often  occurring  together  in  the  aame  rnaee,  forming  rude  baadt 
which  foiueide  in  direction  with  the  foliation,  thns  serving  to 

Tlif  imii-niajiiR'fibi  cuii^-iitueiit  wliicli  is  niowt  (■..ininionlv  pres- 
ent i,>  honibltndo.  reprfM'nli-.l  liy  iilkali-rifh  varieties.  of"w!iicli 
liaetingsite  may  be  Cakun  ne  a  type.*  Pyroxene,  however, 
replaces  this  in  some  cases  and  biotite  in  others.  In  some- 
places  these  minerals  preponderate  over  the  colorless  constitu- 
ents of  th"!  rock  and  in  these  varieties  garnet  locally  occurs  in 
couBiderable  amount.  These  dark  bands,  or  schlieren,  are,  hon- 
ever,  not  very  common  and  the  prevailing  facies  of  the  rock  i-* 
one  which  is  light  in  color  owing  to  the  abundance  of  feldspar 
and  nepheline.  In  certain  occurrences  other  minerals  whicli 
usually  play  the  part  of  accessory  constituents — such  as  corun- 
dum, sodalitc,  and  cancrinite — attain  more  prominence,  the  first 
mentioned  niineml  now  being  very  extensively  mined  in  an 
■lecurrenee  of  tlie  syenite,  near  Comberinere:  while  some  f>f 
the  largest  masses  of  sodalitef  which  have  ever  been  found  are 
tliose  which  iiave  been  obtained  fnini  the  nepheline  syenite  in 

•  F.  D.  Ailaras  Hud  B.  J.  HflrriiiKliin  :  Ol 
Titan  if  eriiuN  Andrnditv  from  tlu'  Nejilielin 
tliiH  Joumiil,  Miirtb,  IF9fl, 

t  B.  J.  HaiTiiiwIuii :  On  Nephelinp,  yorlnlitf  and  flrthoclnse  from  the  Neph- 
■■liiip  Syeuitefii.f  Dniij;iim]oii,  HilKtill^'- Co.,  Ontario,  thia  Journal,  July,  18W. 
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the  township  of  Dnngannon,  to  tlie  east  of  tlie  village  of  Ban- 
croft. 

These  nepheline  syenites  occur  cutting  the  rocks  of  the 
Grenville  series,  which  consist  largely  in  this  district  of  crys- 
talline limestones.  Tlieir  wall  rock  consequently  in  almost 
every  case  is  limestone.  The  only  occurrence  which  is  not 
directly  associated  with  large  masses  of  this  rock  is  a  large  iso- 
lated intrusion  in  the  township  of  Methuen,  where  tlie  country 
rock  is  granite  and  amphibolite,  the  latter  holding  only  a  few 
small  limestone  bands. 

With  this  is  connected  one  of  the  most  curious  phenomena 
presented  by  these  nepheline  syenites,  namely,  the  presence  in 
them  almost  everywhere  of  calcite.  This  calcite  w^lien  appear- 
ing in  the  analysis  of  a  rock  at  once  suggests  an  advanced  stage 
of  alteration,  since  calcite  when  found  in  igneous  rocks  is  almost 
invariably  a  secondary  product.  In  other  cases  calcite  in  plu- 
tonic  rocks  has  been  supposed  to  occupy  miarolitic  druses  and 
to  have  been  deposited  in  these  by  percolating  waters. 

A  very  careful  examination,  how^ever,  of  the  calcite-l)earing 
occurrences  of  nepheline  syenite  in  the  various  parts  of  this 
area  has  clearly  shown  that  in  the  case  of  these  rocks  the  cal- 
cite represents  inclusions  of  the  crystalline  limestone  penetrated 
by  the  intrusion,  a  fact  which  receives  additional  substantiation 
in  the  fact  that  in  the  Methuen  occurrence,  when  the  wall 
rock  is  not  limestone,  the  nepheline  syenite  does  not  contain 
calcite.  Along  the  l)orders  of  the  intrusion,  the  nepheline 
syenite  is  seen  to  eat  into  the  limestone  and  to  enclose  large 
masses,  the  constituent  minerals  of  the  syenite  growing  into 
the  substance  of  the  limestcme,  often  with  well  defined  crystal 
terminations.  These  masses  often  show  a  coarsening  in  grain 
as  a  result  of  the  metamorphic  action  of  the  intruding  rock. 
On  receding  from  the  contact,  the  inclusions  become  less  numer- 
ous and  smaller,  and  eventually  the  large  masses  are  disinte- 
grated into  separate  individuals  of  calcite  or  small  groups  of 
calcite  grains.  These,  under  the  microscope,  can  be  seen  as 
rounded,  often  perfectly  round,  inclusions  completely  enclosed 
in  a  single  individual  of  nepheline  or  other  constituent  of  the 
nepheline  syenite,  or  lying  between  other  constituents  of  the 
rock,  which  latter  can  be  seen  to  have  grown  into  the  calcite.  In 
these  cases  all  the  minerals  are  perfectly  fresh  and  unaltered, 
and,  while  the  constituent  minerals  of  the  nepheline  syenite 
rarely  show  pressure  phenomena,  the  calcite  individuals  are 
often  seen  to  be  much  bent  and  twisted  and  to  display  marked 
strain  shadows,  the  movements  displayed  being  those  which 
overtook  the  limestone  before  the  intrusion  of  the  syenite 
into  it. 

It  being,  therefore,  clearly  recognized  that  the  calcite  is  some- 
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tiling  foreifi^n  to  tlte  original  ni&giua  and  tliat  it  nierelv  exists  in 
the  rock  in  tiie  form  of  incliiEione,  in  calculating  oiit  ttie  mineral 
cumpoHition  of  tlic  rock  the  cnlcite  is  get  aiside  and  the  priinarT 
inturiiiB  regardful  a^  having  the  composition  of  the  cak-itc-fret- 
rook.  The  nepheline  syenite  of  the  inland  of  AIno,*  it  may  Iw 
mentioued,  in  characterized  hy  the  presence  of  oalcite  which  i^ 
not  of  Bccundory  origin,  whose  inixle  of  occurrence  in  many 
respects  U  very  giniilar  to  tliat  of  the  calcite  found  in  thv 
nepheline  eyenite  of  Ontario. 

Seven  typical  varieties  of  the  roek  have  been  analyzed  and 
theee  serve  to  show  the  range  in  composition  displaved  by  the 
magma.  (Jf  these,  three  were  fonnd  to  lielong  to  the  claae  of 
the  IVrsalanes  and  to  the  eub-clasH  Pesalone;  using  the  n 


clature  recently  proposed  by  Mcsers.  Cross,  Iddings,  PirsGon 
and  Washington,!-  wliile  three  others  belong  to  tlie  class  Dosu- 
Innc  and  the  snb-cla^  Ilosalone.  One  is  a  Phlegrose,  one  » 
Vultnrose  and  one  a  Miaskose,  while  two  are  referable  to 
GHsexoee  and  one  is  a  Katlerndose.  These  will  be  fully 
de«Tibed  in  the  forthcoming  Report  to  which  reference  hu 
alren^ly  been  made. 

In  addition  to  these  there  is  the  rot-k  described  in  the  pree- 
eut  paper.  This  is  a  vHriety  of  tlie  neplieliiiu  syanite  wliicli 
is  alnioHt  free  from  fuldBjxir  and  which  conttiete  esBeutiftlly  of 
nepheline  and  the  iron-magnegia  oonstJUient,  in  this  case  hortt* 
blende.  It  occiirs  in  the  township  of  Monmonth,  abont  35 
niilew  west  of  the  township  of  DuTigannon.  Jlere,  on  lotj;  3, 
10.  11  and  12  of  ranges  Vll  t.u  VIII.  a  mass  of  nepheliiiF 
syenite  breaks  np  thnnigh  a  great  biiiid  "f  ciTstalline  iiiiio- 
stone.  The  southern  limit  of  thin  itiusr.  i^  inilVirtTiimti'ly  iiLJititlr-<l 
by  drift,  so  that  its  extension  in  this  direction  is  somewlinl 
uncertain.  It  has,  however,  tlie  form  of  a  flattened  ellipse,  the 
longer  diameter  measuring  one  mile  and  the  shorter  diameter 
about  half  a  mile,  and  is  completely  surrounded  by  the  lime- 
stone. The  mass  holds  many  inclusions  of  the  limestone  through 
whose  shattered  mass  it  penetrates.  These  included  limestones 
fre(]uently  are  coai-sely  ci-ystalline  and  are  more  or  less  impure 
from  the  presence  of  secondary  silicates  developed  by  the  con- 
tact action.  These  masses  have  the  appearance  of  being  in  pn>- 
cess  of  rfplaronient  by  tlie  intruded  magma.  The  nepheline 
syenite  in  some  places  ahmg  its  contact  with  the  limestone  k 
rich  in  hornblende,  bnt  elsewhere  along  the  border  it  contains 
hut  a  \-efy  small  pro|)ortion  of  the  dark  constituent,  so  that  no 
distuict  C'lidotnorphic  action  can  \ni  traced  to  the  influence  of 
iiiiiestone.     In  some  few  places,  however,  near  the  limestone 

*  Huj;biiiii,  A.  U,  :  Ut-ber  Ann  f»e)jlieliusveuitgi'biet  auf  der  Insel  Alno. 
Q,:A.  Koreii,  i.  SOrklmliii  Fyrli.,  Httfl.  'i.  1S*5,  i..  140. 

t  QunntiUtivH  ClttaKilicHtiou  vl  Iguvoms  ItockH,  Uiiivereity  i>f  Chicago  Press, 
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the  syenite  holds  seapolite.  Taking  the  intrusion  as  a  whole 
it  may  be  said  to  consist  essentially  of  albite,  nepheline  and 
hornblende,  but  as  is  so  frequently  the  case  in  this  region  it 
shows  a  wide  variation  in  relative  proportion  of  the  constituents 
in  different  places.  In  some  places  it  is  rich  in  feldspar,  while 
elsewhere  the  nepheline  almost  entirely  replaces  this  mineral. 
In  the  latter  case  the  nepheline  is  usually  associated  with  a 
considerable  amount  of  hornblende,  in  addition  to  which  in 
many  cases  a  small  amount  of  red  garnet  is  present. 

Tiie  feldspathic  and  feldspar- free  varieties  run  in  rudely 
parallel  bands  or  schlieren.  These  are  often  several  feet  in 
width  and  may  be  traced  for  several  hundred  yards  along  the 
strike  of  the  banding.  They  represent  distinct  magmas  result- 
ing from  extreme  dinerentiadon.  The  rock  here  described  was 
collected  from  one  of  the  bands  six  feet  in  width  and  several 
hundred  yards  long. 

The  rock  is  coarse  in  grain  and  consists  essentially  of  white 
nepheline  and  black  hornblende,  the  former  preponderating 
largely.  It  thus  has  a  rather  striking  appearance  on  the  fresh 
fracture.  On  the  weatliered  surface  the  contrast  presented  by 
the  two  minerals  is  less  striking,  as  the  nepheline  assumes  a 
pale  gray  color.  Under  the  influence  of  the  weather,  the 
nepheline,  as  is  always  the  case  with  these  rocks  in  this  dis- 
trict, presents  the  appearance  of  having  been  dissolved  away, 
the  weatliered  surface  being  smooth  and  recessed,  the  horn- 
blende and  the  accessory  feldspar  and  cancrinite  of  the  rock 
standing  out  from  the  surface  of  the  nepheline. 

Under  the  microscope  the  rock  is  seen  to  consist  essentially 
of  nepheline  and  hornblende,  with  ])lagioclase,  cancrinite,  and 
calcite  as  accessory  constituents,  as  well  as  sodalite,  apatite, 
sphene,  biotite,  pyrite  and  iron  ores,  these  latter  minerals  being 
present  in  extremely  small  amounts. 

The  Nepheline  occurs  in  large  well-defined  grains,  present- 
ing the  usual  characters  displayed  by  the  species.  It  is  clear 
and  fresh. 

The  Hornblende  is  green  in  color,  the  pleochroisni  and 
absorption  being  as  follows :  a=  pale  greenish  yellow,  b  and  c= 
very  deep  green.  The  absorption  is  c=b>a.  The  niaxinmm 
extmction  observed  in  the  sections  of  the  rock  was  19°.  It  is 
an  alkali  hornblende,  containing  less  iron  than  hastingsite, 
but,  like  it,  as  shown  by  the  calculation  of  the  analysis  ot  the 
rock,  belonging  to  the  division  of  the  Syntagmatites. 
,  The  Plagioclase  is  present  only  in  very  small  amount  and  is 
in  some  cases  untwinned,  while  in  other  cases  it  shows  a  faint, 
polysynthetic  twinning.  In  thin  sections  it  bears  a  very  close 
resemblance  to  the  nepheline,  and  when  untwinned  it  is  diflS- 
cnlt  in  all  cases  to  distinguish  the  two  minerals.     When  a  see- 
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lion  U  treated  with  acid  and  etclied,  however,  the  pla^oplase 
is  seen  to  occur  in  iiidividnale  of  a  more  or  less  ronnded  form 
or  with  cnrviTig  outlines,  lyinK  between  the  nepheline  grains 
or  enclosed  in  the  latter.  Tuc  feldspar  isolated  from  another 
variety  of  the  rock  in  the  same  occnri-euce  was  found  to  l)e 
albit«,  and  this  feldspar  ]iat%,  tlierufore,  heen  taken  as  albite  in 
calculating  the  Mode  of  tlie  rock. 

The  amount  of  Cancrinite  present  varies  very  coneiderably 
in  different  specimens  of  the  rock.  In  the  specimen  analyzed 
about  5  per  cent  was  found.  In  other  epeeimene  more  is  found, 
although  in  no  case  is  it  very  abundant.  It  is  clear  and  color- 
less, hut  \6  at  ouce  distinguished  from  the  iiepheline  wheij 
examined  between  crossed  nicols  by  its  nmch  higher  polarizs- 
tion  colors,  which  iu  thin  eectious  frequently  rise  to  a  blue  of 
the  second  order.  It  b  clear  and  free  from  interpositions  auJ 
in  uonvergeut  tight  is  seen  to  be  uniaxial  aud  negative.  It  alsn 
shows  a  slight  but  dietiuct  dispersioTi  of  the  bisectrices,  giriiie 
a  brownish  and  a  bluish  tint  on  either  side  of  the  poeitiou  of 
maximum  extinction,  "When  separated  by  ThouJet's  solution, 
the  mineral  was  found  to  have  a  specitic  gravity  between  2-48 
and  a'44,  and  to  he  readily  decomposed  wiien  h^ted  with  dilute 
hydrochloric  acid  with  tlie  evolution  of  carbonic  dioxide  and 
with  subsequent  gelatiuization.  The  cancrinite  occurs  in  the 
Iiepheline  in  tbe  form  of  narrow  strings  or  more  rarely  in  Uttle 
bmicbos  of  grainfl.  These  nsually  follow  the  course  of  minute 
(■nicl;^  or  cleavage  lines,  but  also  are  frequently  seen  to  follow 
tile  liuiiiuiiirief  of  individual  grains  of  neplieiiuoon  their  contact 
with  grains  of  other  minerals.  Tims  between  crossed  nicols 
they  appear  as  a  brilliant  edging  about  bomblende  individu- 
als or  about  calcite  inclusions  in  the  nephelinc,  the  small  pris- 
matic individuals  of  cancrinite  being  arranged  with  their  longer 
axes  at  riglit  angles  to  the  contact  or  to  the  course  of  tlie  crack, 
as  the  ease  may  be.  The  cancrinite  has  tlie  appearance  of 
l^iiig  an  altei-ation  product  of  the  nepheline. 

The  Calcite  occure  in  lai^e  single  individuals,  whicli  are  found 
as  inclusions  in  both  the  hornblende  and  the  nepheline.  The 
single  individuals  are  often  perfectly  circular  iu  outline,  and  the 
enclosing  mineral  is  perfectly  fresh  and  unaltered  and  is  sharply 
defined  against  them.  In  other  cases  the  same  large  calcite 
individuals  lie  between  tlie  other  constituents  of  the  rock,  in 
all  cases  having  the  cliaracter  of  inchisions.  They  generally 
show  very  marivcd  strain  shadows,  while  the  other  constituents 
show  but  little  or  no  evidence  of  [u-essiire  phenomena. 

The  Apatite  is  found  as  occiisioiial  more  or  less  rounded  indi- 
viduals, enclosed  in  the  nepheline  or  hornblende,  but,  like  the 
other  tteces.-<ory  constitueiitf,  merits  no  especial  description. 

An  analysis  of  tlie  rock  made  for  nie  by  Mr.  M.  F.  Connor 
gave  the  following  results: 
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SiO, 39T4 

TiO,   13 

A1,0, 30-59 

Fe,0,    -44 

FeO 21 9 

MiiO -03 

CaO 5-75 

MgO -00 

K,0 3-88 

Na,0 13-25 

CO, _ 217 

SO, - trace 

CI -02 

S -07 

H,0    1-00 

99-813 

If,  foUowiiifi:  the  nietliod.^  of  the  Quantitative  Chissifieation, 
the  Koriii  of  the  rock  be  calculated,  that  is  to  say  the  propor- 
tion of  standard  iniiieral«  wliieh  wouhl  mve  a  luamna  of  this 
composition,  or  in  the  form  of  which  the  rock  under  other  con- 
ditions of  cooling  might  have  solidified,  this  is  found  to  be  as 
follows : 

Anorthite 12*51 

Nephelinc 6772 

Leiicite  8*28 

Olivine 3-70 

Akermanite   -40 

Magnetite •70 

Ilmenite - 30 

Pyrite 14 

Calcite    4*92 

9807 
Water 1-00 


99-07 

This  gives  tlie  rock  the  following  position  in  the  Quantitative 
Classiiieation : 

Class  1 — Persalane. 

Order  8 — Ontarare. 

Rang  2 — (Domalkalic). 

Sub-rang  4 — (Dosodic). 

As  this  is  the  tii'st  Ontarare  whicli  has  been  described,  the 
raiigs  and  sub-rangs  have  received  no  names  as  yet.  It  is  pro- 
posed, tlierefore,  to  call  rang  2,  Monmouthtise,  and  sub-rang  4, 
Monmoutliose,  from  the  township  of  Monmouth  in  which  this 
rock  is  found,  while,  as  an  ordmary  designation,  the  name 
Monraonthite  may  be  applied. 


1 


i 
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The  Mode,  or  actual  tiiineralogical  compoeitioii  of  the  rock. 

is  quite  different  from  the  Norm,  as  given  above,  no  lencite. 

ftiiorUiite,  olivine,  or  akermanite  beinp  actually  present.     Thf 

mode  18  (^normative*  t«  a  fitrikiiiji;  degree. 
Tile  Mode  in  as  follovrs : 

Albiie IM 

Xepbeline  - 73-20 

Sodalite -28 

CanoriDite    5-X4 

Hornblende   15*09 

Hematite .  - -so 

Calcite - ai2 

Pjrite U 

08-3U 

Water -fiO 

F:xoes9  of  AI.O,     1-20 

100-00 

In  calculating  thin  mode  the  nepheline  ih  taken  as  consisting 
of  soda  nepheline  and  kaliophyllite,  in  the  pro]M)rtions  of  5  tol, 
which  is  the  composition  ot  the  nepheline  of  the  nepheline 
syenite  occurriua;  further  to  the  went  in  the  area  of  the  townshij' 
of  Dungannon.f  One-half  of  the  water  fonnd  in  the  analjais 
is  considered  as  being  present  in  the  eanerinite,  the  remainder 
being  regarded  as  beJoiij^ing  in  part  to  the  Jiornhlende  and  h,-. 
existing  in  part  as  hygroscopic  water.     This  gives  eanerinite 


in  about  the  proportion  in  which  it  eeemB  to  be  present  in  the 
thin  sections  of  tne  specimens  analyzed. 

The  various  l)ases  not  required  by  the  other  minerals  and 
remaining  over  to  form  the  hornblende,  are  present  in  the  pro- 
portions required  to  form  syntagmatite ;  which  are  the  propor- 
tions in  which  these  bases  are  fonnd  in  the  hastingsite  of  the 
Dungannon  nepheline  syenite.  The  hornblende  has  accordingly 
been  calculated  as  syntagmatite,  using  the  theoretical  valuei^ 
given  by  Zirkel :  Lehrbuch  der  Petrographie,  vol.  i,  p.  303. 
This  acconnts  for  the  existing  percentages  of  all  the  constitaeut^ 
of  the  rock,  with  the  exception  of  an  excess  of  r20  per  cent 
of  aluminii. 

Of  tlie  iiicks  hitherto  deserilied,  those  which  bear  the  closest 
reseiublam-c  to  Monnioiithite  are  the  Urtites  iif  the  Poninsula 
of  Kola.*    These,  however,  W-long  to  the  class  of  the  Dosalanes. 

GeoloKipal  DeiMtrtmtiit,  Mi-Oill  Univeraily,  Moiilrenl.  P.  Q. 

•  Sep  Qnimtitiitive  ClaKsinpatiou  (loc.  eit.),  p.  l.)0, 

+  Ii.  J.  HnrriiiHton  :  l.,r,  .■it, 

)  V\'.  Raiiimtv  :  Das  N^phrliiinvtiiitjjebiet  aiif  der  Hnlbiusel  Kola,  Fennin. 
15.  No.  -i.  V.  i-z. 
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Abt.  XXV. — Note  07i  a  Calcite-Prehnite  Cement  Rock  in  the 
Tuff  of  the  Holyoke  Range  ;  hy  13.  K.  Emerson. 

At  Lynians  Crossing,  now  abandoned,  a  mile  north  of 
Smiths  Ferry,  and  just  south  of  the  river  notch  through  the 
Holyoke  Range,  is  a  large  cutting  through  the  posterior  trap 
sheet,  exposing  the  upper  surface  and  tlie  superjacent  tuff 
beds.  The  cementing  material  which  holds  the  tuff  fragments 
together  at  the  base  of  the  bed  is  quite  peculiar.  It  looks  like 
a  lelsite  or  a  compact  sedimentary  limestone.  It  is  clear  gray 
with  faint  shade  of  green. 

The  small  angular  fragments  of  trap  enclosed  in  this  cement 
are  often  one  to  three  inches  apart,  showing  that  it  cannot  be  a 
simple  secondary  interstitial  cement  produced  by  a  later  infil- 
tration. It  contains  here  and  there  rounded  or  pear-shaped 
cavities,  filled  with  coarse  calcite,  which  seem  to  be  certainly 
steam  holes.  Minute  scales  of  graphite  just  visible  to  the  eye 
are  quite  generally  distributed  and  are  slightly  larger  and  more 
abundant  where  the  cement  rock  borders  against  the  trap.  The 
scales  are  graphite  and  not  molybdenite,  since  they  iioat  in 
Thoulet's  solution. 

Under  the  microscope  the  trap  fragments  are  seen  to  be 
normal  and  to  preserve  their  usual  characters  up  to  their 
borders. 

The  cement  rock  has  a  confused  crystalline  texture  and 
large  stationary  black  crosses  appear  everywhere  over  the  sur- 
face. It  is  made  up  in  about  equal  parts  of  calcite  in  shapeless 
areas  with  very  irregular  boundaries,  and  a  colorless  prehnite 
in  coarse  rudely  radiating  prisms  and  wheel-shaped  forms 
which  plainly  cause  the  black  crosses.  A  few  blades  of  a  pale 
brown  biotite  are  present  but  may  be  secondary.  Distinctly 
secondary  are  the  angular  fragments  of  acid  i)lagioclase  and 
microcline,  which  have  a  granitic  aspect.  The  rock  has  sp. 
CT.  =  2*86,  which  indicates  that  a  little  more  than  half  its  mass 
Iff  prehnite,  and  the  study  of  the  section  confirms  this.  The 
small  crumpled  graphite  scales  are  also  secondary,  and  must 
have  come  from  west  of  the  axis  of  the  Green  Mountains, 
twenty-five  miles  west,  or  from  the  Brinefield  rusty  schist 
area  fifteen  miles  east.  The  brightly  shining  scales  resemble 
those  from  the  western  area.  The  same  graphite  is  found 
extensively  in  the  adjoining  sandstone.  There  is  also  a  small 
amount  of  a  primary  albite  deposited  by  the  same  waters  from 
which  the  prehnite  crystallized  and  having  the  same  undulose 
extinction  which  characterizes  the  albites  deposited  by  heated 
waters  in  the  cavities  in  the  trap. 
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The  outlmrst  of  the  tuff  followed  immediately  on  the  out- 
lictw  uf  this  tni{i  rtlioet  niid  many  of  the  ^oriaceoae  bombs 
which  first  fell  sank  (\niU!  deeply  into  the  latter  ami  caii  be 
8eeii  enclose<l  in  pompaul  trap  a»  at  the  western  parilinu  in 
Mountain  Park, 

Thu  CKinvnt  rock  fiirine<l  at  the  base  of  the  tuff  in  wHti^rs 
which  wvre  i<lijf)itly  cnntaaiinHte^i  by  the  materials  of  the  xaud- 
stone,  the  graphite  acalei^  being  eitimcially  far  travelled  because 
of  their  indBstriK'tibility  and  lif{lihiuss.  it  inpreased  to  very 
considerable  thiekness  between  the  traji  fmgnmntB  and  eryatal- 
lizcd  Ko  raiiidly  and  in  sncli  httih  teRi)>eraturc  that  it  encloeed 

f>ear-8haped  steam  holt's  liko  a  eeoria.     After  the  temperature 
lad   fallen   Itelow  the  liuliition  point  uf  prvhuite,  these  earitie^ 
wore  filled  by  etilcite. 
Amherat  College,  Htm. 
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Art.  XXVI. —  The  Developmental  Changes  in  some  Common 
Devonian  Brachiopods ;  hy  Percy  E.  Raymond.  (With 
Plates  XII-XVIII.) 

Introduction. 

Certain  layers  of  impure,  clayey  limestone  from  the  Mos- 
cow (Hamilton)  shales  which  occur  in  a  ravine  near  Oanan- 
daigua  Lake,  N.  Y.,  were  fonnd  by  Dr.  John  M.  Clarke  to 
contain  fossils  whose  shells  had  been  so  completely  replaced 
by  silica  that  when  the  rock  was  etched  in  acid  the  shells  were 
left  in  as  perfect  condition  as  when  they  were  buried  in  the 
limy  clay  of  their  native  sea-bottom.  A  large  quantity  of 
this  material  was  obtained  by  Prof.  C.  E.  Beecher,  and  through 
his  kindness  ])art  of  it  has  been  placed  at  the  disposal  of  the 
writer  for  study.  About  65  pounds  of  the  rock  were  treated 
with  hydrochloric  acid,  and  the  shells  washed  from  the  clay 
which  remained  after  the  calcium  carbonate  had  been  removed. 
From  this  material  about  15,000  nearly  perfect  specimens  have 
l)een  selected,  while  a  much  greater  quantity  of  fragmentary 
material  was  discarded.  Nearly  all  classes  of  invertebrate 
animals  are  represented  in  this  collection,  but  the  brachiopods 
are  most  numerous,  comprising  two-tliirds  of  the  total  number 
of  individuals,  and  furnishing  at  least  thirty-live  hundred  speci- 
mens of  a  single  species  {Chontdes  scitidns).  Next  in  abun- 
dance to  the  brachiopods  are  the  Bryozoa,  then  the  Crustacea, 
worm  tubes,  pelecypods,  gastropods,  corals,  and  cephalopods, 
in  the  order  named.  The  echinoderms  are  represented  only 
by  crinoid  columns  and  the  sponges  by  a  few  spicules.  A  few 
tish  scales  were  also  found.  Chitinous  shells  of  the  Lingul^ 
type  do  not  appear  to  have  been  preserved,  and  some  of  the 
Dimyarian  bivalves  occur  only  as  casts. 

The  majority  of  shells  are  white,  but  some  are  dark  gray  to 
black,  wlnle  the  trilobite  tests  are  light  to  dark  brown.  The 
color  seems  to  be  fairlv  uniform  for  all  the  individuals  of  the 
same  species.  Yoy  instance,  there  are  two  species  of  Mono- 
trypa^  and  all  the  individuals  of  both  species  are  black,  yet 
most  of  the  Bryozoa  are  light  colored.  In  the  case  of  Chonetes 
mueronatu8y  however,  while  most  of  the  specimens  are  dark,  a 
few  are  white. 

The  state  of  preservation  of  the  fossils  in  this  material  is 
remarkable,  even  the  tinest  details  being  retained,  which  shows 
conclnsively  that  the  shells  were  not  subjected  to  any  rough 
wave  action  after  tiie  death  of  the  animal.  The  graceiul 
fronds  of  the  Fenestellidse  are  obtained  as  they  grew,  and  the 
delicate  spines  of  tlie  Productidse  and  the  spiniform  exten- 


280         Raymond— Vommon  Devonian  Brachiopotls. 

sions  of  the  cardinal  aiiglea  of  the  yonng  Stropheodotita  are  in 
perfect  condition.  Unfortunately  tlie  brachial  loops  and  spires 
are  not  so  well  preserved,  though  manj  specimens  of  Eunefla 
ttliow  a  large  part  of  the  lo21''  ^""^  '"  '^^^  joung  form  it  is 
entire.  Many  epeciniens  of  Tropi^olepUis  retain  the  delicati- 
mediau  eeptnm  and  tlie  crura,  but  the  loop  was  not  observed. 

Perfect  examples  of  the  little  ostracods  of  the  genera  ffaUi- 
filla  and  KirM>ya,  whose  shells  are  merely  a  fine  network, 
were  obtained,  ae  well  as  many  of  the  Jiho»ibopora-\ika  Bryo- 
aoa,  covered  with  minute  spinutes.  The  pelecypods,  whicli 
are  nearly  all  immature  individuals,  are  excellently  pre«erved. 
and  manv  of  them  retain  tlie  prodissoconcli. 

The  advantage  of  this  method  of  collecting  is  shown  by  tln- 

freat  number  of  specinieus  of  supposedly  rare  species  obtained. 
'iMlidops  hamiitonia,  which  is  rare  in  ordinary  collections,  i- 
extroniely  abundant  in  this  materia),  only  one  speciee  being 
more  cwmmoD,  Pholidopg  o&lata,  of  which  not  niore  than  a 
dozen  specimens  have  been  found  in  other  localities,  has  here 
beeti  obtained  by  the  hundreds,  while  Asaodictt/on  slellatnni. 
Autodetua  Ziinastrwint,  and  the  ostracods,  which  are  seldom 
found  in  any  quantity,  are  very  common.  The  whole  fauna 
consistf  of  about  125  species,  115  of  which  have  been  tiiuti  far 
ideutified,  there  being  10  or  12  whose  specific  identity  is 
uncertain,  and  some  of  these  are  probably  new.  The  fauna 
is  distributed  as  follows: — Cnisfaeea:  Trilobita,  5  species; 
Ostraciida,  11 ;  Cephalopoda,  1 ;  Gastropoda.  8;  Pteropoda,  3; 
Felecypoda,  16;  liracbiopoda,  39;  Bryozoa,  18;  Vermes,  fi; 
Antiiozoa,  5. 

A  large  pm^wrtion  of  the  individuals  of  the  Bracbiopoda 
are  in  immature  stages,  many  of  them  being  less  than  1'"'"  iu 
length.  From  that  size  there  are  specimens  sliowing  all  grada- 
tions up  to  tlie  adult,  and,  in  many  cases,  to  senile  stages. 
Series  representing  all  these  stages  have  i)een  selected  wher- 
ever possible,  and  carefully  studied,  in  order  to  ascertain  what 
changes  took  place  in  the  shell  during  the  lives  of  the  indi- 
viduals of  the  various  species. 

The  pioneei-  work  of  this  sort  was  done  by  Beeclier  and 
Clarke  on  material  obtained  fnmi  Waldron,  Indiana.  In  the 
memoir  published  by  them  giving  the  re.snlts  of  this  work, 
the  developmental  stages  of  25  species,  l>elonging  to  IS 
genera,  were  described.  Jjiter  work  by  Beechcr,  Schucliert, 
and  Cumings,  has  added  full  descriptions  of  several  more. 
Among  tlie  foKsil  brachiopiRl.>-,  '1  genera  of  the  Rhyncho- 
nellidft!,  3  of  the  Atrvpidie.  1  of' the  Craniidie,  1  of  the 
EichwaldiidiT;.  +  of  the  Sti,.ph.,ineTiidie.  4  of  the  Ortliidte. 
and  1  of  the  Porninl"niiti(lu\  have  been  studied  in  this  way 
up  to  the  present  ihne. 
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From  the  present  material  the  writer  has  been  enabled  to 
study  the  complete  series  of  changes  in  20  other  species, 
and  a  partial  series  in  4  more.  This  list  comprises  15 
genera,  11  of  wliich  are  not  represented  in  the  work  previ- 
ously done.  These  genera  belong  to  the  families  Centro- 
nellidse  {Trigerici)^  Terebratnlidae  {Eunella\  Terebratellidae 
i,TropidolepUi%)^  Spiriferidae  {Cyrtina^  DelthyriH)^  Craniidse 
(PKolidops^  CranieUa\  Strophomenidae  {Stropheodonta^  Pho- 
lido8trophia\  and  Frodnctidae  {Chonetes^  Strophalosia),  Cra- 
nia^ Rnipidomel1<i^  Spirifei%  and  OrtlwtheUs  are  here  repre- 
sented by  Devonian  species,  while  the  previous  work  has  been 
done  on  those  from  the  Silurian ;  interesting  points  may  be 
therefore  obtained  by  comparing  results. 

The  present  paper  is  an  abstract  of  the  results  attained  from 
this  study,  and  gives  a  summary  of  the  most  interesting  facts 
ascertained  in  regard  to  17  of  these  species. 

Crania  crenistriata  Hall. 
Pal.  N.  Y.,  iv,  1867,  p.  28,  pi.  3,  figs.  13-16. 

The  smallest  specimen  of  this  species  is  2*66"'°  long  and 
3.33mm  ^vi(j(j^  ^t  the  apex  it  shows  the  nepionic  shell,  which  is 
similar  in  form  to  the  adult,  but  non-plicate.  It  is  1'46'°™  long 
by  I'BB"""  w^ide.  In  this  species,  and  in  Oraniella  hamiWmias. 
the  young  shells  have,  tis  a  rule,  more  conical  doi"sal  valves 
than  the  adults. 

Stropheodonta  inaequistriata  Conrad. 
(Plate  XIII,  Rows  2,  3,  and  4.) 
Pal.  N.  Y.,  iv,  1867,  p.  93,  pi.  12,  figs.  6-8. 

Nepioiiw  Stage, — In  the  nepionic  stage  tlie  shell  of  this 
species  is  oval  in  outline,  and  wider  than  lontj.  Both  valves 
are  convex,  though  in  some  specimens  the  dorsal  valve  becomes 
flat  in  front.  The  latter  valve  bears  a  narrow  median  fold 
which  extends  about  half-way  to  the  front.  Otherwise  the 
shell  is  smooth.  The  length  of  the  average  specimen  in  this 
stage  is  •42°"™  and  the  width  -54"'"'. 

Changes  during  Development :  Outlint, — Immediately  after 
the  nepionic  stage  the  width  at  the  hinge  becomes  greater  than 
that  below,  and  remains  so  through  all  succeeding  stages.  The 
cardinal  extremities  are  most  alate  during  the  adolescent  period, 
and  all  immature  forms  are  characterized,  when  perfect,  by 
long  hinge  lines.  In  the  senile  state,  the  cardinal  angles  are 
not  60  extended,  but  the  width  at  the  hinge  is  still  the  greatest 
width.  (Compare  the  young  specimens,  Nos.  14  and  15  of  the 
series,  with  the  adult  and  senile  individuals  on  Plate  XIII, 
How*.) 


282         R'iymfmd — Common  Devonian  Brachivp<nh. 

Cont)exity  of  Vahea. — In  the  nepionic  stage  both  vulves  arc 
couvtjXi  but,  when  u  length  of  aiiuiit  '5""'  is  reaebed,  the  doifwl 
valve  heeoincs  coneave  in  front  and  fciUowtt  very  closelv  the 
nnrvatnre  of  the  nther  valve  thi-oushotit  siicce^ing  stages. 
Shells  from  1  to  tl"""  long  are  very  ghghtly  convex,  sometiiuefi 
iilrnust  tlftt,  but,  as  they  grow  older,  the  convexity  increases 
until  in  the  geruniic  wtage  they  ani  almost  beuiitiphcrituil. 

Mwmle  S/mr/i. — The  migration  of  the  mnscles  in  tliis  specie* 
iluring  the  life  history  in  moet  intereetine.  The  normal  form 
of  iho  Bears  in  the  ventral  valve  uf  tlie  ndnlt  is  shown  in 
Paleontology  of  New  York,  Vol.  4.  I'late  15,  tignre  10,  Hiid 
figure  2h,  Plato  IS,  gives  the  intenor  of  a  dorsal  valve  at 
the  eaiue  stage,  f-'jgure  iJh.  PUite  IS,  and  ligiire  11,  Plate  15, 
show  tbe-voiitral  and  donail  valvei*  of  a  senile  individnal. 

In  the  Btnalli^t  ventral  valve  in  which  tlie  muHcW  have  left 
distinguishable  imprensions  (4x4°™)  the  diductore  have  oval, 
Honiowhat  widely  separated  ecars,  between  which  are  the  two 
«Hiall  uiiductors,  one  on  eitlier  sido  of  the  median  line.  The 
diductorfi  are  l>ounded  ptateriorly  by  two  ridges  making  a  wide 
angle  with  each  other.  Tlie  adductor  sears  have  faint  ridges 
on  either  side  and  another  ridge  between  them.  In  a  little 
later  Blage  these  three  ridge^i  become  sharp  and  distinct.  The 
median  one  runs  nearly  to  the  beak,  while  the  others  remain 
short,  sharp,  and  rather  high,  curving  outward.  In  the  later 
neanic  stages  these  ridges  areh  over  and  join  the  ridges  which 
b,.uij<i  the  didiictors. 

The  two  ridges  bounding  the  posterior  borders  of  the 
didnctors  send  off  processes  a  short  distance  in  front  of  the 
hinge,  which  tuni  inward  and  mn  [Mirallel  for  a  little  way. 
They  rise  shar]>ly  from  the  floor  of  the  valve,  and  overhang  on 
the  side  toward  the  median  line.  In  the  later  neanic  st^es 
the  whole  extent  of  the  diductor  impressions  is  bounded  by  a 
low,  sharp  ridge  that  is  later  resorbed. 

l>uring  the  adult  stage  the  parallel  portions  of  the  two 
ridges  which  bound  the  diductors  are  extended  and  strength- 
ened, and  the  divergent  portions  resorbed.  The  median  ridge 
becomcK  stronger  and  rounded,  and  the  two  sharp  ridges  which 
separated  the  adductors  from  the  diductors  disappear.  An 
almost  square  muscle  scar  is  thus  produced,  which  has  less  area 
for  attachment  of  the  muscle,  but  is  lietter  located  for  a  direct 
pull  on  the  cardinal  pi-ocess. 

In  the  dorsal  valve  the  twi)  jwiirs  of  adductors  occupy  a  small 
space  ill  fr<jiit  of  the  cardinal  process,  and  are  usually  bounded 
by  a  low  ridge.  The  outer  pair,  the  oosterior  adductors,  make 
up  most  of  the  scar.  They  are  small,  roughly  triangular,  and 
situated  close  to  the  front  of  the  cardinal  process.  The  ante- 
riors  are  nan'ow,  and  are  situated  on  a  platform  between,  and 
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slightly  above,  the  level  of  the  posteriors.  Between  the  scars, 
on  the  median  line,  is  a  low,  short  septum  which  is  hardly  ele- 
vated above  the  surface  of  the  shell  in  young  specimens,  but 
becomes  prominent  in  adults.  On  either  side  of  it  is  a  low 
ridge  extending  back  nearly  to  the  base  of  the  cardinal  process. 
In  the  adult  the  portion  of  these  ridges  in  front  of  the  muscle 
scars  becomes  high  and  incurved,  and  may  function  as  a  sup- 
port for  the  brachia.  These  ridges  are  short,  and  their  anterior 
ends  are  not  half-way  to  the  frcmt  of  the  valve.  They  ap])ear 
to  be  homologous  with  similar  ridges  in  ChoneUs  mitulus^ 
which  are  certainlv  connected  with  the  brachia.  The  struc- 
tiire  of  the  muscle  scars  and  ridges  in  this  species  should  be 
compared  with  that  in  the  dorsal  valve  of  S.  concava.  In 
neither  case  do  the  ridges  in  front  of  the  muscle  scars  func- 
tion as  the  attachment  for  muscles,  as  has  been  suggested  l)y 
many  writers. 

Hinge  Sti'ucture. — A  few  of  the  smaller  specimens  show  a 
short  exsert  pedicle  tube.  In  adult  and  senile  stages  the 
pedicle  opening  is  pushed  back  onto  the  beak,  and  is  very 
minute. 

Stroj)heodonta  peiylana  Conrad. 
(Plate  XIII,  Row  1.) 
Pal.  N.  Y.,  iv,  1867,  pp.  92,  98.  pi.  11,  tig.  22  ;  pi.  12,  figs.  13-15. 

Prote(juluin, — The  protegulum  of  this  species  is  nearly  cir- 
cular, biconvex,  with  arcuate  hinge.  It  measures  -lOX '!<)'"'" 
on  one  specimen,  and  •l^X'l^"'"'  on  another. 

Nepionlc  Stiuje. — The  shell  in  the  nepionic  stage  is  convex 
in  both  valves,  nearly  as  long  as  wide,  and  l)oth  valves  are 
smooth.  On  the  dorsal  valve  is  a  fold  which  extends  nearlv  to 
the  front  of  the  shell  (figure  1). 

Changes  during  Dfi'ehwnient, — Like  l 

S,  in<Bquitstriata^  this  shell  becomes 
strongly  alate  in  the  neanic  stages  and 
the  hinge  width  remains  the  greatest 
width  throughout  life.  (See  specimens 
4,  7,  10,  and  14  of  the  series,  for  exam-       ^  .       «      , 

ples  of  this.)  After  the  nepiomc  stage,  ,j,,,,f,,  ^^rpiana  Conrad  ; 
the  dorsal  valve  becomes  iirst  flat  and  doreal  valve,  showing  sheU 
then  slightly  concave.  The  shell  re-  i"  nepionic  stage,  the  fold, 
mains  nearly  flat  throucrjiout  all  stages.     ""^^^'^  ^^«^"  ^^  ^^' ''*"»• 

Musele  Scars. — In  tliis  species  there 
is  no  change  in  the  position  of  the  nmscle  impressions  during 
life.     The  adductor  scars  in  the  ventral  valve  are  divided  by  a 
diagonal  line  into  anterior  and  posterior  elements,  a  fact  not 
shown  in  calcified  specimens. 


r 
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Pftolido^ropkia  iovatntit  Owen. 
P»l.  N.  v.,  t»,  IMT.  p.  IW.  pL  18.  Bg.  1. 

C/uxn^H  duriny  Dfwlopmr'ttt. — TUis  siicll.  like  tlie  other 
Stro[>heridoRtaB.  becoQic^  stronglj  aUlc  in  tlic  Ti«anic  etagee. 
bat  the  princiu«l  clutnge  dnnQ^  ite  development  lakes  place  iu 
tbe  adult  sua  uarly  ^niJe  gtagea,  when  the  fheW  whicli  has 
forint-rlv  t>ceii  nearly  tist  U  abm^itly  deflected  in  front,  mak- 
ing the  ventral  ^-alve  vcryt-wnvcx  in  tliU  jMirt,  while  tbe  dorsal 
U  corrBspondinely'  <^oiicave.  The  extenor  U  e>niooth  in  all 
BtagvK  A  fiiri^e  i>|>e<riniRii  frnm  Eiglitecn  Mile  Creek  shows  a 
few-  di^Hnt  radiating  stris,  whie-h  may  he  taken  as  eiigfi;efitive 
of  an  ancefttnl  cbaraeter. 

Broi^ial.  Mark-ings. — Iu  ^out  of  the 
muficle  scars  of  tbe  brachial  valve,  tbere 
/  k^l^.\  t^  on  i»eli  eide  of  the  strong  median 

[    (fs^S  Bcptuin,  a  creseeut.^haped  ridge,  which 

^•^..^y  turns   in   rather   abruptly  as  a  son  of 

a—wtaiirfoi*  '"*'''  "*  ^*  anterior  end  (tignre  2),  In 
pkia'iotvatmif  OwpkT;  nJolte  tlioftf  proce*6e»  extend  about  two- 
^chbl  Tklrea,  •buwliig  thirds  the  di»tanee  to  the  front  of  tbe 
mncclewan  •nd  brMbUl  shell.  In  the  Tou'ng,  tliey  extend  some- 
rirt^.  N«ttir.lri«,.  ^Ij^j  furUier  *foriva«i  and  are  more 
divergent.  Theati  ridges  correspond,  in  position,  with  tbe 
hraebial  ri<lge«  of  CAoitetg»  and  Protlu^tu*  and  probably 
■should  !«■  (-f.rrelatt'd  witli  tli.ise  markings.  They  liavt-  ht-t-i'i 
given  considerable  taxonomic  importance  by  some  authors, 
the  group  of  Stropbeodontas  which  bears  them  being  cou- 
Midered  by  fEhiert  as  forming  a  transition  group  connect- 
ing tbe  Strophomemdse  and  the  Produetidse.  It  is  prob- 
able, however,  that  tbe  occurrence  of  these  markings  is  due 
more  to  the  age  of  the  individual  shell  than  to  anything  else, 
for  with  increase  in  the  deposit  of  testaceous  matter  tbe  bra- 
chial scars  become  more  distinct  in  those  species  in  which  they 
art;  usually  observed,  and  these  scars  are  not  confined  to  the 
Devonian  Stropheodontas  but  can  be  seen  in  Jiajitw«qvina 
from  as  old  a  formation  as  tbe  Obazy  ;  they  are  likewise  well 
known  to  occur  in  i?.  Jiileitil  and  Strophe'Jdonta  profunda* 
The  genu^  I'liiiliilc-tfiipfilii  was  suggested  by  Hall  and 
Clarke  in  include  a  scctinn  of  the  Stropheodontas  in  which  the 
.sliells  wert;  citnc-avu-eonvcx.  had  nu  striiv,  and  were  strongly 
jmiictate.  The  interior  (}f  the  din-.'^al  valve  was  characterized 
t)y  having  threi-  liiveigent  ridgy.-  in  front  <if  tbe  rmiscniar 
area.  Strnjili-oiliii-t'i  )i'irrfo  liall,  fVotii  the  Cornifei-ous  and 
Hamilton,  an  nnnamfd  .-jifi'ies  from  tbe  Corniferous,  and-SZ/'o- 
"S.-.-  Hall  :iija  (  bukf ,  vul,  viii.  i)t,  i.  p]..  ■ix-i,-i><:\.  lig^.  19,  30;  and  pi.  3(1. 
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pkomena  iepia  Bron.,  of  the  Middle  Devonian  from  Eifel, 
Belffium,  and  tbe  Asturiaa,  were  placed  in  this  division. 

^e  development  of  tlio  hiuge  structure,  form  of  shell,  and 
convexity  of  valves  is  very  similar  in  the  three  specieB  {S. 
ineegvistriaia,  S.  perplana,  and  /*.  iowae-nsit)  just  described. 
The  points  of  greatest  difference  are  : 

Ftrat:  TheStriw. — S.  iruEqitiatriata  pToA\i(Xi&  new  strise  by 
im'^\aji.ta.t\o\i,  S.  perpl<im.a  by  both  implantation  and  bifurca- 
tion, while  P.  iowaenaU  hae  normally  no  strife  at  any  stage  of 
development. 

Second:  Muscle  Scars. — S.  incequistriata  has  a  type  very 
different  from  that  of  the  other  two,  and  in  the  ventral  valve 
there  is  a  change  in  the  form  of  the  muscles  during  the  ephebic 
and  gerontic  stages.  In  the  other  two  no  much  change  has 
been  observed. 


FiouRX  8. — Strophfodonia  junia  Hnll ;  jiart  at  the  muscle  area  of  a  ven- 
tral Tslve,  allowing  the  anterior  and  poatenor  elementa  of  the  addnctore,  and 
Iha  pedicle  jnoacle  scar,      x  3. 

Comparing  the  scars  in  the  venti-al  valves  of  SU'opkeodonta 
junta  (figure  3),  S.  perplana,  S.  demisna,  and  PhoHdosirophia 
iov>aenet€,  it  is  at  once  seen  that  they  are  very  similar.  In 
eacb  the  diductors  are  broad,  tlabelliforni,  Be|>arated  by  a  low 
septum,  and  bounded  on  their  posterior  lateral  edges  by  more 
or  less  papillose  ridges.     Between  the  diductors  are  the  elon- 

fate  scars  of  the  adductors,  two  puird  in  each  case.  In  the 
orsal  valves  of  S.  demixaa,  S.  perplana,  and  J',  iowaensis, 
there  is  more  variation  in  the  form  of  tlie  scars,  but  it  is  a 
variation  in  the  form  of  the  limiting  structures  ratlier  than  in 
the  shape  of  the  scars  themselves.  In  each,  there  are  two 
pairs  of  scars,  one  pair  somewhat  anterior  to  and  between  tlie 
members  of  the  other  pair.  In  S.  demiaaa  and  P.  iowaenait 
An.  Jona.  8ol— Fottata  SniM,  Vol,  XVII,  Ko.  100— Aprii^  1904. 
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they  are  boundod  by  a  low  ridge  in  front,  wliile  in  S.  perplaiui 
thu  anterior  margin  is  more  indeSnitu. 

Tijt;  interior  of  tiie  dfirsal  valve  of  /*.  iowaengig  sfaouli] 
also  be  compared  with  that  of  S.  profunda  Hall,  from  the 
Xia^Cora.*^  In  that  epeciee  the  form  of  tht:  ecar»  is  alwoul 
exactly  the  same  a^  in  the  Hamilton  species,  and  in  front  of 
the  msvcii  there  arc  two  short  curved  rid^e^  and  a  prolongation 
of  the  median  septum.  This  epecie«  uaa  been  pat  iu  the 
dirieioii  Brachypnon  by  Hall  and  Clarke. 

Thus  there  are  examples  of  four  of  Hall  and  Clarke's  snlj- 
divi«ione, — Urachyprion,  Leptotttruphia,  Pholidoetrophia,  anil 
Stroplieodonta  (li.  demitsa-  type),  which  ^^re©  in-  iotemal 
Htmcture.  hut  have  great  vari&lioa  in  external  ornamentation. 
These  facts  would  .seem  to  indicate  that  the  name  Pholido- 
Hiropbia  ehonld  be  given  the  same  taxonoinic  valne  a£  tli« 
names  Brachyprlon  and  Lvptostropbia,  iu&tead  of  being  raised 
to  generic  mnk, 

Orthotkttet  chemnngr,n»i»  Hall. 
Ort/iothtle»  cAemuHffenau  var.  pecttnacea  Hall. 

(PuiTE  XV,  Row  1.1 
P»].  N.  Y.,  i».  1867.  p.  07,  pi.  10,  flg.  fl, 

Ortholhetet  chtmungen»ia  var.  iirctutriittus  UalL 
(Plate  XV,  Bow  3.) 
Pal.  N.  y.,  iv,  1867,  p.  71.  pi.  9,  Bgs.  1-13. 

The  specimens  of  OrthotheUx  in  the  present  collection  rep- 
resent tlie  two  varieties  pecti.nacea  and  arctistriatUs  of  Hall. 
Both  develop  in  the  same  manner,  tbe  only  difference  being  in 
the  time  of  appearance  of  new  strife.  In  the  adult  tiiese  two 
forms  can  be  separated  only  under  the  most  favorable  circnm- 
stances,  yet  the  younger  specimens  are  quite  distinct.  Tiie 
variety  pectinaoea  has  from  15  to  19  strong  elevat«d  striee, 
between  which  are  lower  interspaces  containing  from  1  to  3 
Btriffi.  In  tiie  variety  arctixtfiaiua  the  strife  are  so  crowded 
that  this  alternating  appearance  is  not  obtained. 

SmaUext  Shell. — The  smallest  sbell  wbich  retains  both 
valves  is  -7;J°""  long  and  I'l'"'"  widu,  witli  a  binge  width  of 
1'"'",  Both  valves  are  convex,  iinil  tbe  cardinal  area  is  high. 
The  delthvrium  is  almost  cinnpletely  oloiicd  by  a  strong,  con- 
vex deltidinni  whicb  is  slightly  ])roloiigcii  at  the  apex,  forming 
an  exsort  pedicle  tube.  On  this  specimen  there  are  13  strife 
on  the  dorsal  and  l-i  on  tbe  ventral  valve.  At  tbe  beaks  can 
be   scon    the   outline   of  tbe    uupionic  shell,   which  is  almost 
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exactly  circular,  biconvex,  and  smooth.  It  ie  -35°""  in  length, 
bnt  varies  from  that  size  to  -43'*"'. 

Introduction  of  JVew  Strim.  —  Tlie  a 

shell  of  the  variety  pectinacea  has,  up 
to  a  length  of  1  to  1-2'"%  from  13  to  15 
sharp,  simple  strige  separated  by  RDaces 
which  are  wider  than  the  strise.  1  here 
then  appear  from  4  to  6  new  etrife  in 
the  middle  of  the  front,  one  implanted 
in  each  interspace  in  that  region  (fia^ure 
4).  Specimen  No.  J,  on  Plate  XV,  --A"" 
Row  1,  shows  theshell  with  the  original 
striee.  Specimen  No,  2  shows  5  strife 
implanted  in   front.      Tjiter,  more  are 

implanted  until  there  is  one  between  each  pair  of  the  orig- 
inal strife.  The  next  step  is  the  appearance  of  strife  in  pairs, 
one  on  each  side  of  each  of  the  secondary  strite.  (See  speci- 
mens NoE.  8  and  10,  Row  1,  Plate  XV.)  At  a  still  later  stage 
more  pairs  are  added,  one  on  each  side  of  those  next  previous 
tu  appear.  In  the  variety  arctistriaiua,  the  method  of  develop- 
ment is  the  same,  bnt  the  resulting  appearance  is  somewhat 
different.  In  the  earliest  plicated  stages  there  are  from  15  to 
Id  sharp  striee.  New  strife  appear  as  before,  but  come  in  at 
earlier  stages,  thus  covering  the  surface  of  the  valve  more 
completely  and  giving  a  more  uniform  appearance  to  the  strife. 
(Compare  No.  6,  Row  1,  Plate  XV,  with  No.  6,  Row  3,  and 
tile  la^t  specimens  in  each  row.) 


FiouRE  4.  —  Orthaihttea 
emitiig funis  yar.  pttti- 
tcea  Hall ;  dotaal  vftlvB, 
inwiu);  earlier  plications. 


FlQUUt  5. — Orthothelrs  cbemniigenais  Coiirad ;  specimen  retaining  botb 
valves  imd  ahowiiig  pedicle  tnbe  ami  siniple  plicatiuns.      x  10. 

PiauRB  8. — The  same  apecieB:  ventral  valve  Bhowing  pedicle  tube  which 
is  aomeirhat  broken  at  top,  growth  lines,  aud  atritc.      x  IG. 

Ortkot/ietes  be/tu/m  Clai'ke. 

<Plate  XV,  Bow  a.) 

lUth  Ann.  Repl.  N.  Y.  State  Gool.,  pp.  179.  18T,  pi.  iv,  Gga.  2-4. 

This  species  was  described  by  Clarke  from  specimens  found 

in  the  Marcellus,  but  the  Hamilton  forms  from  the  Canandaigua 
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Lake  locality  differ  ouly  Blightly  from  the  tvpe.  As  de»cril)e<l 
by  Clarke,  the  Marcellna  speHmena  Imvo  Ironi  IS  to  20  nlica- 
tioiis;  the  greatest  diameter  is  nt  the  Iiinge,  uiid  there  i&  >i<> 
iiiniional  distortion.  The  lianiiltoii  specimens,  Iiowever,  have 
from  24  to  30  plications,  the  width  at  the  hinge  is  ]e«te  thau  that 
below,  and  the  cardinal  area  is  hish,  the  ventral  ambo  Win}; 
on  that  accoQot  frequently  distorted. 

The  developmental  atages  offer  nothine  new.  The  shell 
in  the  ncpionic  stage  ie  very  small,  usually  from  "10  to  '12"""  in 
length.  In  .young  stages  there  is  an  exsert  pedicle  tube,  n'hilo 
in  the  adult  a  strong  convex  dcttidium  covers  the  deltliyriuni. 
Summart/. — The  development  of  two  other  species  of  Ortho- 
theitB  has  been  worked  out :  That  of  0.  tmbplannm  of  tin- 
Niagara,  by  Bcecher  and  Clarke,*  and  that  of  0.  minutun  of 
the  Saleni  limestone,  by  CumingH.t  <),  Mlu/un  has  in  itti 
udnlt  stage  many  characters  which  agree  with  the  neanic  litager: 
of  O.  minvtua.  The  latter  species  ha«,  in  it«  earliest  pHcateii 
stJige,  18  plications,  and  moi-e  are  added  in  the  same  way  as  in 
0.  hMuhm.     In  the  adult,  dwarfed,  there  are  iO  plications. 

Comparing  the  developraoni  of  0.  suhplanum  oi  the  Niagan) 
with  that  of  O.  c/irmimgenuis,  many  differences  are  found. 
Fimt:  Convfirity  <(f  V(tlve». — The  nepionic  shells  of  0. 
eKemnngf<7m«  have  the  valve»  ttubequally  convex,  which  iii  the 
adnlt  state  of  0.  suhpianum,  while  its  Depioutc  shell  is  concave- 
convex. 

Second. — In  0.  giibplanum  the  cardinal  area  is  low  compared 
with  the  length  of  the  hinge  line  and  the  adults  are  symmetri- 
cal. In  0.  cfiermmgensig  only  in  the  early  neanic  stages  are 
the  shells  perfectly  symmetrical  nsually,  though  some  speci- 
mens retain  the  low  cardinal  area  and  symmetry  into  the  late 
neanic  stages. 

Third:  Surface  Characters. — The  duration  of  the  nepionic 
stage  is  about  the  same  in  both  species.  In  the  youngest 
specimen  of  O.  suhplanuin  figured  by  Beecher  and  Clarke, 
2-25'""'  long,  there  are  17  strite,  6  of  which  are  secondary.  A 
sjiecimen  of  O.  chemunt/ensis  of  similar  length  has  from  28  to 
3.5  strife. 

Fourth ;  Ilinije  Structure,. — The  young  of  both  species  have 
ii  utronf^  convex  deltidinin  which  is  prolonged  into  an  exsert 
hiln'  for  the  pissiigc  of  the  pedicle.  In  O.  »ubptanu?n  the 
•k'ltidniTn  cua^ers  fiti;ro\v  at  an  early  stage,  widle  in  O.  chemnng- 
'■n«li<  the  dcltidiuin  cinitiriues  to  incrua^e  in  size  throughout 
all  the  stages. 

•  Sihirinn  Bnicbioimdn,  Mmi.uirs  N.  V.  Siat,^  Mu«eum,  vol.  i,  No.  1,  188S. 
1..  2H.pl,  ii.fi««.]4-m 

t  Am.  n<-ol..  vol.  xivii,  SUrtli.  IU(H,  ji,  147,  pi.  iv.  figi.  1-11, 
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The  first  three  of  these  differences  point  to  an  earlier  acquisi- 
tion of  the  characters  througli  acceleration.  The  last  would 
tend  to  show  that  O.  chemungensis  was  in  a  progressive  rather 
than  a  retrogressive  line  of  development. 

Choneteit  coronatus  Conrad. 
(PLATi  XVI,  Rows  3,  4.) 
Pal.  N.  Y.,  iv,  1867,  p.  138,  pi.  21,  figs.  9-12. 

Chanetes  scitulus  Hall. 
(Plate  XIV.) 
Pal.  N.  Y.,  iv,  1867,  p.  130,  pi.  21,  fig.  4. 

Chonetes  mvcronatus  Hall. 
(PI.ATE  XV,  Rows  4,  5.) 
Pal.  N.  Y.,  iv,  1867,  p.  124,  pi.  20,  fig.  1 ;  pi.  21,  fig.  1. 

Choneteit  robustus  sp.  nov. 
(Plate  XVII,  Rows  1,  2.) 

The  JVew  Species, — There  are  in  the  collection  from  Canan- 
daigua  Lake  about  50  specimens  of  a  (Jhonetea  which  differs 
in  important  characters  from  any  described  species.  The  shell 
is  strongly  concavo-convex,  wider  than  long,  with  from  20  to  40 
strong,  sliarp,  equal  strife  which  increase  toward  the  front  b}^ 
bifurcation  and  implantation.  The  umbo  is  smooth  for  a  dis- 
tance of  from  1  to  2*5°'",  cardinal  area  of  ventral  valve  narrow, 
concave,  and  the  delthyrium  covered  by  a  convex  deltidiura. 
Pedicle  opening  minute,  encroaching  upon  tlie  ventral  beak. 
The  posterior  margin  of  the  area  bears  from  4  to  6  pairs  of 
short  divergent  spines.  For  this  species  the  name  Chonetes 
robv^tus  is  suggested. 

This  species  is  more  nearly  related  to  Chonetes  coronatus  than 
to  any  other  known  bracliiopod.  It  differs  from  it  in  the 
smaller  size  of  the  adult,  the  much  greater  convexity  of  the 
ventral  valve,  the  fewer  and  coarser  striae  at  the  same  stiige  of 
growth,  the  smoothness  of  the  umbos,  the  fewer  pustules  on 
the  interior  of  the  dorsal  valve,  and  the  later  emergence  of  the 
first  spines  on  the  posterior  margin.  On  the  adult  of  this 
species  there  are  ^>  stride  in  the  space  of  5"""  on  the  front,  while 
in  C.  coronatus  there  are  11.  In  convexity  and  size  this  species 
resembles  C  viucronatus^  but  is  easily  distinguished  by  the 
sharpness  of  the  striae  and  the  angle  of  divergence  of  the  spines. 

The  figures  on  Plate  XVII  are  all  enlarged  two  diameters. 

Summary. —  All  the  species  in  the  collection  have  the  same 
type  of  changes  in  development;  hence  tiiey  will  be  discussed 
together. 
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Prfftegalum. — The  eliell  at  tUis  stage  is  exceedingly  &mall 
and  in  none  of  tlie  spc^ciniens  of  the  present  mtitenal  are  the 
beaks  well  enoiigii  preserved  to  show  the  protegulum.  From 
Beecher's  work  it  is  known  that  in  C.  seitulv>»*  the  protegulum 
\&  nearly  circular  in  OQt]ine('117°""loiig  and  ■111""°  wide,  accord- 
ing to  the  figure),  witli  a  strongly  arcuate  hinge, 

Nepionic  Stage. — The  sijecies  agree  in  having  the  shell  at 
this  stage  convex  in  the  veutral  valve,  convex  at  the  umbo,  and 
concave  or  flat  in  front  on  the  dorsal  valve.  This  is  an  advance 
on  the  condition  in  Strvpli^odtmUi,  where  the  dorsal  ghell  is 
convex  during  the  whole  of  the  nepionic  stage. 

The  ventral  valve  always  has  a  narrow  sinus,  and  the  dorsal 
valve  a  corresponding  median  fold,  with  usually  two  less 
definitely  marked  lateral  folda. 

The  outline  is  subcircular.  tliuugh  the  width  is  freqnentK 
a  little  greater  than  the  length.  The  hinge  is  somewhat  arcuate. 
The  length  of  the  nepionic  shell  vanes  ponsiderably  in  the 
different  apmcs,  but  is  always  less  than  one  millimeter.  It'" 
least  in  C.  coi\uiatus  and  gi'uitcst  in  C.  mucronatus. 
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PaucipJieate  Neunic  Stage. — In  this  stage  new  stride  are 
introduced  hy  implantation  and  not  by  bifurcation  of  the  older 
ones.  The  striee  arc  strong,  simple,  and  separated  by  spaces 
ae  wide  as  the  strife  themselves.  The  number  of  plications  is 
not  great.  In  C.  coronatua  and  C.  acitulus  the  largest  number 
is  usnaliv  13  on  the  ventral  valve  and  12  on  the  dorsal.  In 
the  other  species  there  are  more,  but  asually  less  than  20, 

The  shell  is  about  one-fifth  wider  than  long  and  gently  con- 
cavo-convex. The  first  spines,  usually  two  or  three  pairs, 
appear  during  this  stage.  The  size  of  the  shell  at  the  end  of 
this  stage,  that  is,  when  the  strife  begin  to  bifurcate,  is  least  in 
C.  scitnliia,  when  it  is  about  a"""  long,  anil  greatest  in  C.  robtts- 
tug,  where  a  length  of  6'5"""  is  reached,  (See  specimens 
Nos.  1-9,  Plate  XVI,  Row  3;  Nos.  1-6,  Plate  XIV,  Row  1 ; 
Nos.  1-7,  Plate  XV,  Row  4;  Nos.  +.  (i.  T.  Plate  XVII.  Row  l.| 

Later  Neanic  and  Ephehic  Stiujcx. — It  would  be  difficult  tty 
make  any  shiipp  line  which  woidil  mark  the  end  of  the  adoles- 
cent period  and  the  assumption  of  all  the  adult  characters. 
The  size,  convexity  of  valves,  and  numlier  of  strite  continue 
•  Thia  Journal,  vul.  xli,  1^91,  p.  SriT,  pi,  xvii,  fig.  14. 
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to  increase  daring  these  stages,  the  width  becomes  greater  in 
proportion  to  the  length,  and  a  number  of  pairs  of  spines  are 
added  on  the  cardinal  margin. 

Gerontic  Stage. — Senile  characters  are  not  well  shown  except 
in  C.  7nucronatu8.  In  all,  this  stage  seems  to  be  accompanied 
by  a  thickening  of  the  shell,  a  deepening  of  the  muscle  scars, 
and  a  growth  of  the  anterior  part  of  the  shell,  thus  repro- 
ducing the  early  neanic  conditions  of  length  almost  equal  to 
breadth,  and  an  increase  in  the  convexity  of  the  ventral  valve. 

Strophaloaia  truncata  Hall. 

(Plate  XVII,  Rows  3,  4.) 
Pal.  N.  Y.,  iv,  1867,  p.  16,  pi.  23,  figs.  12-24. 

Nepionic  Shell, — Owing  to  the  deformation  of  the  ventral 
beak  resulting  from  the  method  of  attachment,  very  little  can 
be  made  out  concerning  that  valve  in  the  youngest  stages 
except  that  it  is  regularly  and  moderately  convex.  The  beaks 
of  some  of  the  dorsal  valves  are  extremely  well  preserved  and 
show  well  the  outlines  of  the  protegulum  and  nepionic  shell. 
The  protegulum  is  transversely  oval,  with  a  gently  curved  pos- 
terior margin.  In  the  best  preserved  specimen  it  is  -13™™  long 
and  "ISS"™  wide.  The  dorsal  valve  of  the  nepionic  shell  is 
subcircular  in  outline,  with  the  hinge  width  about  equal  to  the 
greatest  width  below.  It  is  convex  on  the  umbo  and  often  for 
its  whole  length,  though  it  is  sometimes  concave  in  front.  The 
surface  is  smooth,  witTiout  spines  (figure  8). 

Sjpiiies. — After  the  nepionic  stage,  spines  are  developed  on 
botn  valves,  but  more  numerously  on  the  ventral  valve.     On 
the  dorsal  valve  they  are  generally  broken  off  close  to  the  base. 
One  specimen,  however,  retains  two  of  the  spines,  which  are 
long,  slender,  and  lie  against  the  sur- 
face of  the  valve.     (See  Plate  XVll,  ,_-..<->^_, 
Row  3,  No.  11.)     On  the  ventral  valve  VkLT] 
they  are  better  preserved.      They  are  \^^^ 
most  abundant  along  the  cardinal'  mar-      figure 8. -67ro/,/ui/os/a 
gm  and  stand  erect,  curving  m  toward  triL,\cata  Hall  ;    dorsal 
each  other  from  opposite  sides  of  the  ^^t^ak,    showing    protegu- 
beak,  which  suggests  that  they  may  have  ^^^^^  ^""'^  nepionic  shell. 
been   of   use   in   anchoring    the    shell. 
Over  the  rest  of  the  surface  the  spines  are  directed  forward. 

Anal  Opening. — On  the  dorsal  valve  there  is  a  convex  chi- 
lidiam,  at  the  apex  of  which  is  the  minute  anal  opening.  The 
inner  opening  of  this  tube  is  at  the  anterior  base  of  the  cardi- 
nal process,  just  in  front  of  the  point  where  it  bifurcates.  (See 
Nos.  10  and  12,  Eow  3.)  The  cardinal  process  undergoes  con- 
siderable change  during  the  life  stages.     In  early  neanic  stages 
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it  is  wider  than  long,  projeut*  little  beyond  tlie  liin^e  line,  and 
is  divided  once.  In  the  adult  it  is  lonfifer  than  wide,  deeplj 
bifurcated  in  front,  and  quadriiid  on  the  posterior  face.  (Com- 
pare No8.  3  and  6,  Row  3,  with  N'o.  12.) 

Tropidolept.ua  carinalua  Courad. 
(Plate  XVUI.) 
P«L  N.  y.,  w,  1867.  p.  407,  pi.  68,  figs.  3,  3, 

Nepionic  SMI.  —  In  the  nepionic  stage,  the  shell  of  thi^ 
species  is  transverselj  oval  to  subcircular,  with  a  hinge  width 
lees  than  the  width  below.  Both  valves  are  convex  and  smooth. 
In  the  early  part  of  this  stage  the  shell  is  distinctly  wider  than 
long,  but  juEt  before  the  inception  of  the  plications  the  length 
unubreadtli  are  about  eqnal. 

Vhangea  during  Dewlop^ii'mt :  (htf/inn.—in  the  earliest 
neanic  sta^;^  the  shell  becomes  longer  than  wide,  and  this 
form  is  maintained  until  the  shell  roaches  a  length  of  from  4  to 
T""',  after  which  the  widtii  is  greater  than  the  length.  (Com- 
pare the  first  ten  specimens  of  the  series  with  the  last  fonr  on 
Plate  XVIII.)  From  the  early  ueanio  through  the  adult 
stages  the  width  of  the  shell  at  the  hinge  is  greater  than  the 
width  below,  and  the  cardinal  extremities  are  usuali3'  nmcro- 
nate.  In  senile  stages  Che  width  condnnee  to  increase  withont 
a  corresponding  growth  on  the  posterior  margin,  which  pro- 
dnces  roimded  cardinal  extremiticK  and  gives  the  shell  a  trans- 
versely elliptical  shape. 


FiouRB  9. — Ti'opidolfplHS  farinatas  Conrad;  profile  view,  showing  rela- 
tive convexity  of  valves.      xH. 

FiQDBE  10. — -Beaks  of  anotlier  speoiiuen,  showing  pedicle  opening  and  the 
wearing  away  of  the  venlral  beak,      x  6. 

Convexity  of  F«/cp*.— Up  to  a  length  of  from  "75  to  l™"" 
l>oth  valves  are  t;lightly  convi-x,  with  the  pedicle  valve  some- 
what the  deeper.  At  this  puint,  where  the  plications  gener- 
ally begin,  the  brachial  valve  becinnes  slightly  concave,  and 
continnoK  si.  tlirimgh  the  later  stjigot*  (figure  9). 

Plications. — Iiiiniedialely  after  the  nepionic  stage  plica- 
tions arise  on  both  valves,  and  apparently  several  are  formed 
at  once.  On  an  individual  1-t'.™'"  in  length  there  are  10  plica- 
tions on  the  dorsal  valve  and  '.1  on  the  ventral.     New  plications 
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are  added  at  the  sides  and  never  implanted,  nor  do  they  ordi- 
narily bifurcate.     In  the  adult  there  are  from  17  to  21. 

Gerontic  Stage. — The  senile  characters  in  this  species  are : 
Hinge  width  less  than  the  width  below  ;  strong^  varices  of 
growth  numerous;  obliteration  of  the  plications  toward  the 
front  of  the  shell.  The  plications  become  flattened  and  indis- 
tinct toward  the  front  of  shells  over  20'"™  long. 

Cardinal  Process. — The  cardinal  process  is  large  and  prom- 
inent. It  is  joined  in  front  to  the  bases  of  tne  crura  and 
between  them  is  a  thickening  of  the  shell,  forming  a  platform 
which  slopes  forward  to  the  floor  of  the  valve.  (See  last  figure 
on  Row  3,  Plate  XVIII.)  The  posterior  face  of  the  process 
is  smooth  and  rounded,  and  the  lower  third  is  covered  by  a 
strong  chilidium,  which  also  bounds  the  posterior  ends  of  the 
dental  sockets.  The  posterior  wall  of  the  cardinal  process  has, 
near  the  top,  a  narrow,  rounded  sinus  formed  by  a  shelly  loop, 
which  is  continued  forward  and  downward  till  it  unites  with 
the  platform.  On  either  side  of  this  process  is  a  deep  conical 
hole,  which  extends  nearly  to  tlie  apex  of  the  shell  and  prob- 
ably represents  the  place  of  attachment  of  the  diductor  mus- 
cles. (See  last  figures  on  Rows  3  and  4,  Plate  XVIII.  The 
platform  has  been  broken  away  from  the  specimen  at  the  end 
of  Row  4,  but  the  loop  in  the  middle  of  the  process  and  the 
two  holes  are  well  shown.) 

Directly  in  front  of  the  loop  is  a  groove  in  the  platform 
leading  back  to  a  minute  anal  tube,  which  runs  along  the 
middle  line  of  the  process  and  has  its  external  opening  in  a 
pore  just  at  the  point  where  tiie  chilidium  meets  the  apex  of 
the  valve. 

Trlfjeria  lepida  Hall. 

Pal.  N.  Y.,  viii,  pt.  2,  1893,  p.  274,  pi.  50,  figs.  36-40. 

Description  of  Smallest  Specimen. — The  smallest  individual 
of  this  species  is  rouglily  triangular  in    outline,   the  rostrate 
l>eak,  which  projects -Sr)™""  beyond  the  hinge,  forming  the  apex. 
The  ventral  valve  is  convex  and  smooth, 
without  fold  or  sinus.     The  delthvrium 
is  narrow  and  open.     The  dorsal  valve 
is    convex,    and    has    a   deep,    narrow 
median  sinus.     The  length  of  this  shell 
is  1-09°""  and  the  width  -93""".      This 
form   is  very  suggestive   of  the  adult 
CentroneUa  (figure  11).  FioureH.  —  TrigeHa 

In   the   older  specimens  the  beak  is  lepida  HaU;  yoimg  indi- 

les8  prominent  and  in  specimens  more  \l^^^l\  ^caUons^  ^^x'lS 

than  3'5""*  long  the  dorsal  sinus  becomes 

obliterated  and  both   valves  are  convex.     Shells  more   than 
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l-S"""  long  have  plications,  the  niimbor  iiicretutiiig  from  7  odI 
specimen  of  that  length  la  abont  tS  on  a  apeciuien  5'5°"°  lonC, 


Deltidiul  Plates. — None  of  the  specinieiie  less  than  S""  lonj; 
show  any  dettidia!  plates.  In  succeeding  stages  the  plates 
appear  ae  narrow  trianglee,  one  on  each  side  of  the  delthyriani, 
and  theae  triangles  gradually  liecome  broader  until  they  meet 
at  the  ba«e.  In  the  meantime,  the  ue<licle  encroaches  upon  tho 
venti-ftl  beak  so  that  an  oval  pedicle  opening  is  formed  in  tbe 
adult  (%ure  12).  1 

Eunella  Lincklaeni  Hall.  1 

Pal.  N.  y.,  iy,  18«T,  p.  3B7.  pi.  60,  figs.  4ft-a5.  I 

The  list  of  changes  in  the  form  of  this  shell  is  not  compleM  J 

enough  to  offer  anything  new,  bnt  there  are  one  or  two  interest-  ' 

ing  points  in  connection  with  the  species. 

I'u),--tip.~i)n  the  dorsal  heak  of  the  smallest  shell  (M7'"'"X 
■84""")  the  first  punctte  can  be  seen,  and  their  arrangement 
agrees  with  that  seen  on  the  nepionie  shell  of  Ter^ratuUna 
septentricMialis*     The  tirst  pair  of  pnnctse  is  -07""°  from  the 


FiGnRE  14. — CeQtr<inelliform  stage  of  tlie  loop,      x  8. 

FlODBE  15.— Side  view  of  apeciruen  abowu  in   Figure   14 ;   shell  broken 
away  to  show  the  loop.      »  16. 

beak,  and  in  front  of  them,  on  the  median  line,  is  a  third  one. 
Beyond  this  they  jire  scattered  sparingly  over  the  surface  for  a 

•  E.  S.  .Morse,  Memoirs  BuBton  Soe,  Nat.  Hist.,  vol.  v.  No.  8,  1»03,  pi.  62, 
fig,  15;  bIbo  vol.  ii,  pt.  i,  No.  2,  p!.  1,  fig,  3. 
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short  distance,  but  toward  the  front  of  the  shell  they  become 
very  nnmerons. 

Brachidium. — The  smallest  specimen  retaining  the  brachid- 
ium,  and  the  only  one  in  which  the  loop  is  complete,  is  about 
4mm  j^  lenffth.  The  loop  extends  about  half-way  to  the  front 
of  the  valTe.  The  primary  lamellae  run  sharply  upward  and 
forward,  and  the  anterior  portions  run  about  parallel  to  the 
floor  of  the  valve,  meeting  at  the  front  in  an  acute  angle.  As 
the  two  lamellae  approach  each  other  they  become  wider,  and, 
where  they  join,  there  is  also  a  point  directed  backward  (figures 
14,  15).  Tiiis  is  evidently  an  immature  condition  of  the  loop 
and  differs  greatly  from  the  loop  of  the  adult  of  this  species. 
It  ^rees  with  the  ceutronelliform  stage  of  loop  as  described 
by  Beecher  and  Sehuchert.*  This  is  the  second  genus  of 
brachiopods  in  which  this  stage  of  loop  has  been  observed, 
and  its  presence  serves  to  confirm  the  view  expressed  in  the 
paper  reierred  to,  that  the  Centronella  form  of  loop  is  a  primi- 
tive one  for  this  superfamily  of  brachiopods.  It  differs  slightly 
from  the  loop  of  Dielasma  turgidaf  in  that  the  lamellae  are 
narrower  and  the  angle  in  front  is  less  acuminate. 

Cyrtina  hayniltonensis  Hall. 
(Plate  XV,  Row  6.) 
Pal.  N.  Y.,  iv,  1867,  p.  268,  pi.  27,  figs.  1-4 ;  pi.  44,  figs.  26-33,  38-62. 

Nepionic  Stage, — The  smallest  individual  in  the  collection 
represents  this  species  in  the  nepionic  stage.  The  shell  is 
nearly  circular  in  outline,  and  the  length  and  breadth  are  the 
same,— -53°'"'  (figure  16).     The  hinge  line  is  •32'""'  long  and 

16  17  18  19 


FioUBB  16. — Cyrtina  hamiltonensis  Hall ;  outline  of  the  smallest  speci- 
men.     X  28. 

FlGURK  17. — A  larger  specimen  ;  profile,      x  16. 

FiGURK  18. — The  same ;  outline,      x  10. 

Figure  19. — A  slightly  older  individual,  showing  the  rapid  change  in  the 
relative  convexity  of  the  valves,      x  16. 

nearly  straight.  The  beaks  of  the  two  valves  are  elevated 
above  the  hmge  line,  and  between  them  is  the  pedicle  opening, 
which  is  shared  by  both  valves.  The  valves  are  snbequally 
convex  and  smooth,  with  no  trace  of  fold  or  sinus  (figures 
17,  18). 

*  Proceedings  Biol.  Soc.  Washington,  vol.  viii,  p.  78,  pi.  x,  fig.  1. 
t  Loc.  oit. 
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Ohwngea  during  Development:  Votiveitity  af  Valves. — When 
the  iiidividii&le  t>ecome  about  -To"""  in  length  tlic  valves  art' 
still  nearly  equally  convex,  and  the  ventral  area  is  trurved  und 
inclined  backward,  bo  tliat  the  beak  of  that  vnlve  projectK 
beyond  the  beak  of  the  dorsal  valve.  In  stages  but  little  later, 
when  the  fihell  is  slightly  over  1"""  in  leogtli,  tlie  ventral  valve 
ia  foor  or  five  times  as  deep  as  the  dorsal,  and  the  ventral  area 
beconies  more  erect,  so  that  the  beak  is  anterior  to  the  hiugi- 
line, 

JHiaaiwrtn. — When  the  shell  has  reached  a  length  of  from 
■45  to  -flO"""  a  einns  ie  formed  in  the  ventral  valve  and  verv 
soon  after  its  initiation  a  fold  is  produced  in  the  opposite  shell. 
This  stage,  in  which  there  ie  no  other  ornamentation  than  the 
fold  and  simie,  continues  for  some  time.  The  largest  speci- 
men showing  thin  state  is  1-5"""  long  and  S'SC""  wide.  Shells 
at  this  period  are  almost  globular  and  ditficult  to  separate  f  roui 
the  voung  of  Aj/tiocteiia  tirnhmata  unless  earefullv  examined. 
(See"  No.  1,  Row  6.  Plate  XV.) 

The  plications  are  introduced  in  pairs  on  the  lateral  margins, 
each  pair  ooniing  in  outside  the  older  ones. 

Spirifer  imieronalua  Conrad. 
(Plati:  XVI,  Rows  I,  9.) 

P»l,  N.  y.,  iv.  18B7.  p.  318,  pi.  84,  fig».  1-82.  _ 

Delthyris  consobriiius  d'Orbigny. 
Pal.  N.  Y.,  iv,  Hj67,  p.  222,  pi.  85,  flga.  15-33. 

As  the  development  of  these  two  species  is  practically  the 
same,  they  will  l>e  coTisidered  together. 

Protegulum. — On  the  beak  of  a  well- 

"^  preserved  dorsal  valve  of  -S'.  inucronatv 

--"TTXTV^- —  IS  tiie  impresKion  of  the  initial  shell.    It 

lv_^y/  is  circular,   somewhat   convex,   with  a 

FiuvRE  20  —Svii-iffr  *"'"''^f'  hinge.     The  diameter  is   -n™" 

n.i(crona*H»  Conrad  ;  onl-   (figure  20). 

line  of  proteKnlaiu  aud  JTei>ionit:  Shell.  —  In  the  nepionic 
Bhell  in  n«pionU-  Btap;  ^tage  the  shell  is  oval  in  outline,  and 
taken  from  a  <iornal  valve.    ,  ,         .i  ,  i->   ..i  i 

^3H.  broader   than    long.      Uotli    valves   are 

(.'OTivex,  the  ventral  a  little  the  deeper. 
.The  hinge  wiiltli  is  lu.-s  thiin  tlit-  f^Jvatest  width  lielow.  Tht- 
surface  is  smooth,  with  rm  fold,  sinus,  or  plications. 

Xeantr,  Stii<!eN.--\\\  thi"  ciirlii'st  neanic  stages  a  sinus  is 
dfvflopfd  ill  tlif  ventral  valve,  bounded  bv  two  strong  ridges, 
which  iii-f  the  first  plications.  Kolhiwing  t'his  a  fold  is  forme<i 
in  the  dorsal  vulvo  and  ]iticatinnh  arc  added  on  the  margins  in 
pair.s,  each  ]*uir  coming  in  initsidu  the  older  ones.  The  later 
plications  di>  nut  reach  the  beiik. 
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In  an  early  neanic  stage  the  hinge  width  is  the  greatest 
width  of  the  shell,  the  cardinal  extremities  soon  become  acumi- 
nate, and  nearly  all  adolescent  shells  more  than  5  or  6"°*  wide 
are  strongly  mucronate.  (Compare  the  first  three  shells  of  the 
series  on  Plate  XVI  with  the  older  ones;  also  observe  the 
growth  lines  on  specimen  No.  3,  Row  2.) 

It  is  interesting  to  note  that  in  their  early  neanic  stages  these 
transversely  elongated  Devonian  Spirifers  pass  through  forms 
which  correspond  to  the  adult  condition  of  certain  Niagara 
species.  The  adult  of  Spirifer  cri&mis^  with  a  fold  and  8 
plications  on  the  dorsal  valve,  and  a  hinge  width  nearly  equal 
to  the  width  below,  corresponds  very  closely  in  these  particulars, 
and  in  its  index,  with  a  specimen  of  Spirifer  rnucronatus 
about  2°"™  long,  and,  except  in  the  number  of  plications,  with 
the  specimen  of  Delthyma  consohrinus  1"°'  long. 

Spirifer  i^adiutus^  with  no  plications,  the  width  only  one- 
seventh  greater  than  the  length,  and  the  width  at  the  hinge 
less  than  the  width  below,  corresponds  to  a  still  earlier  st^e 
in  the  development  of  the  present  species. 

Summary, 

The  foregoing  descriptions  show  tliat  the  general  deductions 
which  have  been  previously  drawn  as  to  the  character  of  the 
nepionic  shell,  the  development  of  the  pedicle  tube  and  the 
deltidial  plates,  and  the  acquirement  of  surface  characters,  hold 
good  in  the  families  here  studied  for  the  first  time.  Other 
general  facts  will  be  noted  under  the  families. 

Centranellidce. — The  shape  of  Trigeria  lepida  in  the  nepi- 
onic stage  is  almost  exactly  that  of  adult  Centronella^  and  thus 
another  oit  of  evidence  is  added  to  that  afforded  by  the  loop, 
showing  its  relation  to  the  Centronellidje  rather  than  to  the  Tere- 
bratulidse.  Going  back  to  the  very  earliest  stage,  before  the 
development  of  the  dorsal  sinus,  the  shell  has  characters  com- 
mon to  the  superfaftiily,  that  is,  a  biconvex  shell  with  the  ven- 
tral beak  extended  beyond  that  of  the  dorsal  valve. 

TerebratulidcB. — Kunella^  in  its  early  stages,  is  a  rather  sim- 
ple, generalized  type  of  shell,  not  differing  greatly  from  the 
very  youngest  stage  of  Trigeria^  but  the  development  of  its 
loop  shows  progress  beyond  the  centronelliform  stage.  The 
position  of  the  first  three  punctte,  which  is  the  same  as  that  in 
the  recent  genus  Terehratulvna^  is  interesting. 

Terebratellidie, — The  evidence  that  Tropidohptas  belongs 
to  this  family  has  not  been  strengthened  or  diminished  by  the 
present  studies.  It  still  rests  on  the  form  of  the  loop  as  de- 
scribed by  Hall,  and  later  verified  by  Hall  and  Clarke.  The 
development  is  similar  to  that  of  the  StrophomenidsB,  and  the 
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artioiitfttion  ia  like  tlmt  in  Cltonete«.  No  deltidial  plates  are 
devclupud,  and  the  piidiule  is  probably  functional  throughout 
life.  The  cardiiitii  protieBS  iii  very  largo,  and  of  a  peculiar  type, 
quite  diSerent  from  that  of  any  of  the  Strophomenids. 

Spiriferida.  —The  marked  difference  in  shape  and  relative 
convexity  of  valves  uf  Cortina  in  the  eftrly  iieuiiic  sta^^  from 
i^irifur  and  Zfelth^rut  in  tlie  uaine  etiige,  tojfetiier  with  the  gei>- 
logical  range,  would  eeem  to  indicate  that,  while  both  may  he 
derived  from  t^ie  same  ancestral  stock,  CyHina  in  not  a  mo<li- 
fied  Spir^fer.  Ddtftynn,  Spirifer,  AmbocuBlia,  and  Cyrtina 
all  atart  out  with  an  crjuivaJve  nepionio  shell  and  a  iiedicle 
opening  shared  by  both  valves.  But  with  the  first  ciianiree 
in  Inter  nepionic  and  early  nvanic  stages,  when  thu  fold  and 
sinus  appear,  Gyrtitut  and  Arnhofxelta  become  strongly  iii- 
equivalve,  while  in  Spirlf^r  and  Delthyris  the  valves  retain 
for  a  abort  time  their  equality  nf  convexity.  In  other  words, 
tiie  generic  habit  is  assumed  immediately  alter  leaving  the 
fonn  that  is  TOmmon  to  «I!  the  members  of  the  euperfamily, 
and  Cyrtina  passes  through  no  iS^wt/'tyc/'-like  stage. 

Spii'if'er  and  DeUhyria  are  8o  exactly  alike  in  thair  external 
form  in  the  youngest  neanic  stages  that  it  is  imposdble  to 
eeparatu  thoni. 

Strophojn^niihe. — The  biconvex  nepionic  shells  of  Stro- 
pKfiodonta,  with  a  median  doi-aal  fold  and  ventral  sinus  (which 
may  or  may  not  be  present),  and  the  similar  nepionic  shells  of 
Choneten  indicute  a  possible  common  oi-igin  in  some  shell  of  the 
Triplecia  type,  though  not  uerhaps  in  that  genns  which  thus  far 
has  not  been  found  below  tne  Calciferons,  vi\i\\%  Rajinesquina, 
which  would  seem  to  be  the  immediate  ancestor  of  Stro- 
pheodonta,  extendi  into  the  Chazy  and  probably  lower,  with- 
out any  marked  change  in  form.  The  early  neanic  stages  of 
Stropheodonta,  before  the  appearance  of  the  crenulations  on 
the  Iiinge  margin,  are  very  smiilar  to  the  adult  Rafinesquina. 

An  interesting  feature  in  the  development  of  Stropheodonta 
is  the  marked  mucroiiation  of  the  cardinal  extremities  of  the 
adolescent  specimens.  This  mucronation  disappears  to  a  greater 
or  less  extent  in  the  older  stages.  This  same  tiling  is  noticed  in 
Spirifer,  and  there  many  of  the  adults  retain  the  mucronate 
forms,  hut  tliey  are  only  a  phase  in  the  life  of  the  genns.  In 
the  ontogeny  the  outline  changes  fi-oni  rounded  forms  in  the 
nepionic  aud  early  neanic  stages,  through  a  nmcronate  form  in 
the  later  tioanic,  and  hack  to  a  rounded  form  in  the  adult  or 
senile  ciiudition.  The  r'U.mt:  things  occur  in  the  phylogeny  of 
^p/i-ifc/;  at  Ifjist,  for  thi-n-  are  Niagiira  species  with  rounded 
cardiTial  extremities,  tlioii  a  yreat  devclupment  of  the  mucronate 
types  ill  the  l.owor  and  Middh^  Devonian,  aii.l  a  return  to  the 
rounded  forms  ill  the  <  'ai-boriiferuus.  A  similar  change  is  seen 
in  Platyatropluii, 


Jlaymand — Common  Devonian  Braohiapods.        399 

The  difference  between  the  varieties  jofectinaoea  and  arcti- 
striatus  of  O-rthothetes  chemungensis  is  a  good  example  of  the 
effect  of  acceleration  in  the  development  of  certain  characters. 
The  steps  in  the  development  of  the  two  are  exactly  the  same, 
but  because  the  striae  are  introduced  at  an  earlier  stage  on  one 
than  on  the  other,  the  shells  differ  greatly  in  appearance. 

Productidce. — The  facts  in  the  development  of  Chonetes  do 
not  seem  to  support  the  idea  put  forward  by  Hall  and  Clarke 
that  Chonetes  might  be  descended  from  Plectafubonites,  a  shell 
which  in  many  respects  much  resembles  Chonetes.  The  early 
neanic  stages  have  an  outline  which  is  much  the  same  as  that  of 
Sajinesquina  and  Stropheodo^\ta,  The  resemblance  of  the 
nepionic  shell  to  Triplecia  has  already  been  referred  to,  and 
this,  with  the  other  characters,  relates  the  shell  to  the  Strophe- 
menidse.  It  is  clearly  a  transition  form  between  the  latter 
family  and  the  Productidse. 

Paleontological  Laboratory, 
Yale  University  Musenm, 
January  6,  1904. 

EXPLANATION  OF  PLATES.* 

Plate  XII. 

Pholidops  oblata.  Hall. 

Rows  1  and  2. — Series  of  dorsal  valves,     x  2. 
Rows  8  and  4. — Series  of  ventral  valves,      x  2. 

Plate  XIII. 

Row  1. — Partial  series  of  Stropheodonta  per])lana  Conrad ;  ventral  valves. 
Specimens  Nos.  8 — 9  show  well  the  mncronate  cardinal  extremities  of  the 
adolescent  individuals. 

Rows  2-4. — Series  of  Stropheotionta  inccquistriata  Conrad ;  ventral  valves, 
showing  the  shells  in  neanic,  ephebic,  and  gerontic  stages. 

Plate  XIV. 

Chonetes  scituhis  Hall. 

Rows  1  and  2. — Series  of  ventral  valves,      x  2. 

Rows  8  and  4. — Series  of  dorsal  valves :  interior  view,      x  2. 

Specimens  Nos.  1  and  2  of  Row  1,  and  Nos.  1  and  2  of  Row  3,  show  the 
ventral  sinus  and  dorsal  fold  of  the  very  young  stages.  Most  of  the  speci- 
mens in  Row  4  show  the  brachial  scars. 

Plate  XV. 

Row  1. — Partial  series  of  Orthothetes  chemungensis  var.  peetinacea  Hall ; 
dorsal  TalveB.     x  2. 

Row  2. — ^Partial  series  of  Orthothetes  chemungensis  var.  aretistriatus  Hall ; 
dorsal  ralree.     x  2. 

*  UnleM  otherwise  stated,  the  figures  are  natural  sice. 
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Row  3.  — Partial  aeiieH  of  Orlhothflt 
Rows  *  and  5. — Series  o(  Chonetn 

™ivo9.    X  a. 

Row  n.— S«rlea  of  Cyrtiaa  haniiltoitmniiiii  Hnll : 


Platb  XVI. 
"Partiill    MPTim   of    Spirifrr 


i    Cotitad ;     don*) 


Bowii  1   and  S.- 

Bow  a.  — Series  o(  Chvnxlei  eoronalun  Conrad;  veulral  vslvea,  exterior. 
Row  4. — The  same  ;  dorsal  valrea,  interior. 

PlATB  XVU. 
Rows  1  and  2. — Series  of  Chonelea  nAvttia  Raymond  ;  ventral  and  doreitl 
Rows  8  itnd  4. — SeriuB  of  Slmphalosia  Iruneata  Hall ;  doraal  and  renUol 


Tropidotrptw  carina 
Row*  1  and  B, — Serine  of  ventral  valvw, 
ItowB  8  and  4. — Series  of  donal  ralTee, 
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Abt.  XXVIL — Studies  in  the  Cyperacem;  by  Theo.  Holm. 
XXI.  New  or  little  known  species  of  Carex,  (With  figures 
in  the  text,  drawn  by  the  author.) 

Carex  neurochlceua  sp.  n.  (figs.  1-2). 

Rhizome  slender,  ascending,  stoloniferous,  the  leafsheaths 
persisting,  light  brown ;  leaves  shorter  than  the  culms,  very 
narrow,  carinate,  scabrous ;  culms  up  till  24-*^"^  in  height,  curvea, 
almost  capillary,  trigonous,  scabrous  below  the  inflorescence, 
otherwise  glabrous,  phyllopodic ;  spikes  two  to  four,  gynaecan- 
drous  or  the  lowest  one  sometimes  purely  pistillate  (fig.  1),  small 
and  few-flowered,  roundish,  contiguous  or  the  lowest  one  remote, 
reddish  brown,  the  bracts  inconspicuous  or  the  lowest  one  with 
a  filiform  blade  much  shorter  than  the  inflorescence ;  scales 
broadly  ovate,  those  of  the  staminate  flowers  acute,  the  others 
obtuse,  reddish  brown  with  green  midrib  and  hyaline  margins  ; 
perigynium  (fig.  2)  longer,  but  narrower  than  the  scale,  sessile, 
slightly  spreading,  broadly  elliptical,  attenuated  at  both  ends, 

n^   lo-convex,    wingless,    prominently    nerved,   greenish,    the 
k  short,  slit  on  the  convex  face ;  stigmata  two. 
Collected  above  Kink  rapids,  Yukon  River  in  Yukon,  by 
Professor  John  Macoun  (No.  53,879). 

This  species  belongs  to  the  Nenvocldivnce, 

Carex  vagans  sp.  n. 

Rhizome  horizontally  creeping,  forming  dense  mats,  the 
leaf-sheaths  persisting,  light  brown  ;  leaves  glaucous,  shorter 
than  the  culms,  very  narrow,  carinate,  scabrous ;  culms  numer- 
ous, from  20  to  80^™  in  height,  very  slender  and  weak,  triangu- 
lar, scabrous,  phyllopodic  ;  spikes  three  to  five,  androgynous  or 
the  lateral  purely  pistillate,  small  and  few-flowered,  sessile,  form- 
ing an  interrupted,  spieate  inflorescence  al)0ut  2*^"*  in  length, 
the  bracts  short  and  inconspicuous;  scales  ovate,  acute,  reddish 
brown  with  green,  broad  midrib  and  hyaline  margins,  shorter 
than  the  perigynium  ;  perigynium  sessile,  somewhat  spreading 
at  maturity,  ovoid,  j)iano-convex,  wingless,  two-ribbed  (the 
marginal),  light  brown,  minutely  scabrous  along  the  very  short 
beak,  deeply  slit  on  the  convex  face ;  stigmata  two. 

Collected  in  Oregon :  Steins  Mts.,  flat  opposite  Andrews, 
alt.  1950*^,  by  Mr.  John  B.  Leiberg  (No.  2558). 

In  aspect  much  like  O.  orcidentaHs  Bail.,  but  in  this  the 
spikes  are  more  dense-flowered,  the  perigynium  elliptical,  stipi- 
tate,  spongious  at  the  base  and  the  beak  prominently  bidentate. 

Am.  Jour.  Scl— Fourth  Series,  Vol.  XVJI,  No.  100.— April,  1904. 
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Carex  phtKoUpie  sj).  n. 

Hhizome  short,  creeping,  the  leaf-slieaths  |>er8iBting,  light 
brown  ;  lesvee  light  green,  h  little  shorter  thtin  thv  calms,  nar- 
row, bat  flat,  Bcabroiis  ;  r>ulms  not  mimerons  from  25  to  35"" 
in  height,  elender,  bnt  »t\S,  erect^  triangular,  scabroue,  [)h^'lli>- 
podie ;  spikes  four  to  eight,  androgjnons  and  the  staminate  por- 
tion very  prominent  in  all  of  tliuiw,  orate,  rather  small,  evMJluiuid 
contignouM  or  the  lower  one»>  remote,  the  braotii  inconepicaou^ ; 
ecalei^  ovate-lanceolate,  mucronate,  light  brovm  with  broad  hva- 
line  margin*!  and  greenish  midvuin,  longer  than  the  perigynium ; 
perigynium  almost  eesi<il(%  erect,  broadly  olIii>tical,  plano-con- 
vex, wingle^,  two-ribbed  (the  marginal],  colorless,  mimitelj 
Bcabrous  along  the  short  beaK,  which  is  elit  on  ilte  convex  f aee ; 
stigmata  two. 

Collected  in  Eastern  Orw^on :  Bear  Butte,  Crook  Countv, 
alt.  ITIO",  by  Mr.  John  B.  G-iberg  (No.  335). 

Varex  chrysoleuca  ep.  n.  (figs.  3-4). 
Ehizome  wanting,  but  apparently  ca^pitose,  the  leaf-sheath:; 
fibrillose,  light  brown  ;  leaves  light  green,  about  half  ae  long  aa 
the  culms,  narrow,  cariuate,  scabrons ;  culms  from  4l!l  to  55""" 
in  height,  stiff,  erect,  trigonous,  scabrous  near  the  inflore«;ence, 
otherwise  glabroue,  phynopodic;  spikes  about  twenty,  the  low- 
est ones  decomponnd.  anclrogynone  and  the  staminate  portion 
very  prominent,  ovate,  small  in  comparison  to  tlie  size  of  the 

Jilant,  sessile  and  contiguous,  the  bracts  inconspicuous  or  the 
owcst  one  sometimes  elongated,  setiform  ;  scales  of  staminate 
flowers  lanceolate,  sharply  jjointed,  hyaline  to  light  yellowish 
brown,  those  of  the  pistillate  flowers  (fig,  3)  ovate  with  the 
midvein  extended  into  a  conspicuons  awn,  hyaline  to  yellowish, 
shorter  than  the  perigynium ;  perigyninm  (Jig.  4)  sessile,  erect  or 
slightly  spreading,  broadly  ovate,  plano-convex,  wingless,  prom- 
inently several-nerved  on  convex  face,  light  brown  or  greenish, 
sciihrons  along  the  distinct  beak,  which  is  deeply  slit  on  the 
convex  face  ;  stiginatji  two. 

Collected  near  Mariposa,  California,  by  Mr.  J.  W.  Congdon. 

Cart.!-  vitrta  wp.  ii.  (fig".  5-7). 
Rliizoiiic  wanting,  but  np])ai'entlyciespitose,  the  leaf-sheatlis 
pcri-istiiig,  light  brown  ;  leaves  glaucous,  longer  than  the  culm.*, 
narrow.  Hat,  vltv  sculirnns;  ciilijis  fi'inn  (il)  to  *)5™  in  height, 
slender,  triangular,  sc;ti)nius,  pliyllojmdic ;  spikes  numeruus, 
dcconipoiind,  foniiiiig  an  iiiti-rnipti^ci  spieatc  inflorescence,  up 
till  ^""  in  k'ugtii,  .indrogyiioiis,  the  wtaniinate  portion  y^Ty 
proniincTit,  sessile,  thi.'  lower  bracts  setifurni,  short;  scales  of 
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Cartex  ■ntw-ochlai\a,  flge.  1-3;  C.  chryaoleufn,  figa.  3-4;  C.  ritrea,  figB. 
5-7 ;  C.  divt»,  figa.  @-9 :  C.  Sehattii,  fisB.  10-11 ;  C.  lacunaram,  figa,  12-18. 
(EzpUiutlDii  in  text.)  The  Sgarea  l-lf  and  18  are  magniOed;  fig.  12  repre- 
■enta  the  natural  aize. 
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staniinatc  flowers  lanceolate,  mucmnate,  li.yaline  with  green 
midveiii,  those  of  the  pistillate  flowers  (ti^.  5)  ovate,  aciiniitiatc 
and  Tiiucronate,  hvaline,  much  uhort«r  than  th«  pcrigyniam  ; 
perigyninm  stipitale,  nearly  erect,  ovaie-lanceolate,  plano-con- 
vex, spongioua  at  the  base,  wingless,  several-netved  on  the 
convex  (figs.  5-tJ),  nerveless  on  the  plane  face  (fig.  7),  ligl'' 
green  to  almost  hyaline,  licahrous  along  the  narrow  beak, 
which  in  einarginate  and  deeply  slit  on  the  convex  face  ;  stig- 
mata two. 

Collected  at  Palm  Springn  (Agua  Caliente),  desert  base  of 
San  .lacint^i  Mountain,  at  an  elevation  of  oOO-TOO  ft.,  in 
Southern  California,  by  Mr.  S.  B.  Parish  (No.  IIW). 

The  last  thrcx!  species  :  C:  p/iceolepis,  ckrysoieaca  and  vitrei 
are  characteristic  r.y  tlie  staniinate  portion  of  their  spikes  being 
very  prominent,  and  by  this  character  they  are  readily  dis- 
tingniehed  from  all  otner  inenit>erB  of  the  Acanthojahorm. 
However,  there  is  a  fourth  species  "  C.  vaUicola  "  descrilfed  by 
Dewey*  which  is  said  to  exhibit  the  same  peculiarity :  "  hav. 
ing  the  staminatc  part  of  the  spikelet  a  short  prqjecting  col- 
umn or  ovlinder  at  tlie  apes,  often  longer  than  the  pistillate 
part,"  and  we  thonght  at  first  that  one  of  onr  species  miglit  be 
identical  with  this.  But  the  perigynium  of  C.  val/ifiila  is 
described  as  '*  obovate,  tapering  bdow,  rostrate  and  sliped,  at 
the  oritice  oblique,"  besides  "  being  nerveless,"  thus  showing  a 
marked  distinction  from  the  structure  of  the  perigynia  pos- 
sessL-d  l)v  oiii-  s]iei'ifs.  Dewey's  plant  was  eollected  in  Jack- 
son's Hole,  on  Snake  liiver,  at  an  elevation  of  6000  ft.,  by  Dr. 
F.  V.  Ilayden,  but  the  speciniens  which  tlie  writer  has  had 
the  opportunity  to  examine,  were  so  young  and  poorly  repre- 
sented, that  they  gave  no  illustration  of  the  speeiea  whatever, 
and  as  we  have  learned  from  Mr.  Clai-ke,  there  is  no  material 
of  it  in  the  Kew  Ilerliariuni.  So  far,  C  vallicolu  stands  as  an 
imperfectly  known  species,  but  is  evidently  a  near  ally  of  tliose 
tliree,  described  above. 

Carex  veintKlii/a  sp.  n. 
Rliizinni'  matted  with  short  stolons,  the  scale-Uke  leaves 
bruwii,  bw-.miiiii,'  tibrilluso ;  liii>;d  li-avo.-  as  long  as  the  culm,  nar- 
row and  tint,  slijrhtlv  >c:din)u.-,  rlif  fiiidiiii'  mm-li  shorter,  but 
with  long  ,lKsitl)s;  cnliii  ;d.unt  4-_>""  in  lidgljt,  slender  and  weak, 
triiiiigiiliir.  scaiir.ius,  iiphyllo|H»lie;  spikes  three  to  four,  the  ter- 
minal ^tiOniiiatL',  clavate,  the  Litenil  pistillate  or  the  uppernmsl 
sonietinn'saTidrnirviioiis,  i-uutLgiHuis.  all  honiL' on  tiliforni  pedun- 
cles, di\")|>iug.  ^Ii'i.i't  and  (leiisiL--tlciwered,  .subtended  by  sheath- 
ing briK'ts.  uf  wiiii-li  the  !i>wi'st  ..ne  has  ii  lihide  about  as  long 

•  Tbis  JulirlJill.  11,  vol.  s.x:iu,  ISdl.  p.  40. 
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as  the  inflorescence ;  scale  of  starninate  flower  oblong,  obtuse, 
reddish  brown  with  green,  not  excurrent,  midvein;  scale  of 
pistillate  flower  spatliulate  oblong,  obtuse  to  aristate,  deep 
purplish  to  almost  black  with  the  midvein  obsolete,  narrower 
than  the  perigyninm ;  perigynium  stipitate,  erect,  elliptical 
oblong,  minutely  granular  above,  two-nerved,  pale  green  with 
purplish  spots  above,  the  beak  short,  emarginate;  stigmata 
three  or,  sometimes,  two,  the  style  not  exserted. 

Alaska:  Chistachina  River,  lat.  f)8,  between  Cook  inlet  and 
the  Tanana  River,  collected  by  Captain  E.  F.  (irlenn,  and  Rritish 
Columbia:  Glacier,  alt.  4122  ft.,  by  Zoo  W.  Palmer. 

Careo*  venvstula  is  a  near  ally  of  C.  Mimtanensis  Bail., 
although  it  would  not  seem  so  if  we  compare  the  diagnoses 
alone.  For  it  is  hard  to  understand  how  specimens  of  authen- 
tically determined  C,  Montajiensis  can  be  described  as  belong- 
ing ''to  the  Rigidie,  being  allied  to  0.  Tolmi&i^  yet  having  the 
habit  of  C,  Maijellanu'nP  The  diagnosis*  is  very  incomi>lete 
and  in  several  points  incorrect.  However,  the  main  distinction 
between  the  two  depends  especially  upon  the  structure  of  the 
scales  and  the  pengynium :  the  former  being  about  as  long  as 
the  very  broadly  elliptical  perigynium  in  (J.  Moiitanen^ls^  while 
in  the  other  species  the  scales,  obtuse  to  aristate,  are  much 
shorter  than  the  elliptical  oblong  perigynium.  Common  to 
both  are  the  long-peduncled  drooping  spikes  of  dark  color,  the 
short  stem-leaves  and  aphyllopodic  culms. 

Cur  ex  mlcrochofta  sp.  n. 

Rhizome  stoloniferous  with  persisting,  brownish  scale-like 
leaves ;  leaves  shorter  than  the  culm,  broad,  flat  and  scabrous 
along  the  revolute  margins;  culm  from  10  to  20'"^  in  height, 
erect,  coarse  and  stiff,  triangular,  scabrous,  phyllopodic;  spikes 
three  to  four,  the  terminal  and,  sometimes,  the  uppermost  lateral 
starninate,  the  others  pistillate,  contiguous,  erect,  sessile,  or  the 
lowest  one  shortly  peduncled,  all  short,  thick  and  dense-flowered, 
subtended  by  sheathing  bracts  with  the  blades  shorter  than  the 
inflorescence;  scales  of  starninate  and  pistillate  flowers,  elliptical 
oblong,  acuminate,  purplish  black  with  pale  midvein  extended 
into  a  short,  scabrous  awn,  longer  but  narrower  than  the 
perigynium;  perigynium  stipitate,  erect,  elliptical,  granular, 
two-nerved,  purplish  spotted  above,  whitish  below,  the  beak 
short,  bitid;  stigmata  three,  the  style  exserted. 

Yukon:  Klondike,  Indian  Divide,  collected  by  Professor 
John  Macoun  (No.  53,877). 

The  affinity  is  with  C.  Tolmiei  and  C.  spectabilis  of  the 
JfelananthcB. 

*  Botanical  Gazette,  1892,  p.  152. 
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Carex  ^tectabiiia  Dew.* 
This  species,  althongh  well  defined  by  Dewey  (1.  c),  has  been 
overliKiked  by  several  ftiitliore  and  has  be-en  described  ae  new 
"  C.  ^tvisa  Bailey,"  or  confoiiiided  with  vorlons  other  species, 
for  inetance,  with  €.  macrockafta  Mey.  var.  jpseudopodocafpa 
Kukthl.,  and  C.  podacarjxi  \i.  Br.  We  can  add  nothing  to 
the  dingnoaiB  except  tliat  tho  uiiim  is  apbyllopodic,  and  that 
the  flcale-like  leaves  of  the  densely  matted  rhizome  become 
libriUoae.  It  is  said  to  have  Ijepu  originaUy  collected  in  "  the 
Arctic  Region,"  but  since  then  it  has  been  fonnd  in  several 
places  iu  tlie  mouniaiuB  of  British  (!olntnbia,  Washington  and 
California.  In  regard  to  Cpodoctirpa  R.  Br.  we  might  state 
that  Mr.  C.  B.  Clarke  has  informed  ns  that  a  careful  examina- 
tion of  Robert  Brown's  specimen  Ims  convinced  him  that  it  is 
merely  a  yonng  specimen  of  C.  rar/Jfora  Sm. 

Carex  vnlgariii  Fr, 
This  plant  offei-s  an  excellent  example  of  a  spcciii*  dis- 
tributed over  a  wide  geographical  area  and  possessed  of  great 
plasticity  in  respect  to  variation  thronghoat  tlie  northern  lieini- 
spbere.  And  so  numerous  ai-e  the  varieties  that  Fries  thought 
it  would  require  a  book  to  enumerate  and  describe  them  ail; 
tuoroover,  the  variation  is  expressed  in  quite  a  distinct  way 
wherever  the  plaut  occore,  in  nortbem  Earope  or  in  tlia  nortb- 
western  parte  of  this  continent,  where  the  species  appears  to 
be  best  represented.  The  species  was  already  known  to 
Touniefort  and  Kay  as  '•'■  Cyperoidea'''  and  '^  Gramen"  while 
Liiiniens  was  the  first  to  descril>e  it  as  a  "  Carex  " :  nigra  tvfna 
Tulgarin  (Flora  Lap|x>nica  No.  330).  Since  then  it  has  been 
described  as  C.  GoodejiowjM!  by  Gay ;  a  name,  however,  that 
only  applies  to  the  variety  "s/fdonifera"  while  the  typical  form, 
as  it  occurs  in  Lapland,  has  received  the  name  '■'tmtgaris"  by 
Elias  Fries  (Mant.,  Ill,  p.  1.53).  The  plant  is  so  well  known 
and  so  well  described  that  it  is  not  necessary  to  reproduce  the 
diagnosis  iu  toio  for  the  sake  of  illustrating  the  species  as  it 
occurs  on  this  continent,  but  we  might  quote  a  few  words 
about  the  structure  of  the  ]>origyniuni.  This  organ  is  bv  Fries 
(I.  c.)  ilescribod  as  being  ,<nbsessih>,  persi.^ting,  roundish-ellip- 
tical, many-nerved  and  li'iigcr  than  tiic  obtuse  scales;  that  tlio 
perigyiiiuin,  sometimes,  is  nerveless,  is  evident  from  the  descri|>- 
tidii  iu  llartinan's  Flora  "if  ScandinuviH  (llth  edit.).  If  we 
now  examine  some  of  tlu'  most  cl i a nicf eristic  European  varie- 
ties, iJiuiisli,  Xonvegiiin,  Swedish  and  German  specimens  for 
instanee,  tiie  jifrigynium  a[)pears  with  an  outline  of  froia 
routidi.-li  111  very  iiarmw  elli|jti<'!tl,  witli  a  short  stipe  or  strictly 

•  'Hiis  JoHriial.  vol.  xsis,  p.  ej$,  If  Jli. 
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sessile,  witli  the  surface  granular  to  densely  verrucose,  with 
or  without  a  few  spinulose  projections  along  the  upper  mar- 
gins, with  the  orifice  of  the  short  beak  wholly  glabrous  or 
minutely  spinulose,  and  finally  with  many  very  prominent 
nerves,  with  only  a  few  and  quite  faint  or  apparently  with 
none  at  all,  the  two  marginal  nerves  being  usually  obsolete. 
Accompanying  these  perigynial  stnicturcs  a  pronounced  varia- 
tion in  liabit  occurs  :  in  respect  to  the  rhizome,  the  relative  posi- 
tion of  the  pistillate  spikes,  the  length  of  the  peduncles,  the 
length  of  the  spikes,  of  the  bracts,  etc.,  distinctions  that  have 
proved  to  be  sufficiently  valid  for  establishing  a  number  of 
varieties,  especially  in  Northern  Europe.  Among  these  are, 
for  instance,  '^tornata  Fr.,"  which  is  densely  caespitose,  with 
thick,  rigid  culms,  broad  leaves  and  heavy  spikes,  ^^juncea 
Fr.,"  a  very  slender  form  with  convolute,  filiform  leaves  and 
remote  spikes,  ^^stolonifera  (Hoppe)"  w^ith  long  stolons  and 
short,  curved  culms,  ^'  Jonge  ped icnculata  Blytt"  with  the  culms, 
tall,  nodding  at  the  apex  and  with  long-peduncled,  dark  spikes 
of  which  the  scales  are  acute  and  longer  than  the  perigynia, 
^'rigida  Blytt"  which  grows  in  dense  tufts  and  of  which  the 
culms  and  leaves  are  very  stiff  and  scabrous,  besides  the  pistil- 
late spikes  are  very  long,  linear  and  often  androgynous,  ^^atra 
Blytt"  with  slender  culms,  and  black,  sessile  spikes,  mostly  in 
a  dense  head,  and  '^anotnala  Blytt"  with  the  terminal  spike 
gynsecandrous.  By  studying  the  species  as  it  is  represented  in 
this  country,  we  have  seen  the  typical  (J,  vulgaris  from  Alaska, 
Colorado,  Cape  Breton  Island  and  Nantucket,  Massachusetts, 
while  the  var.  stolon  It'era  has  been  collected  in  Labrador.  It 
appears,  however,  as  if  the  species  is  best  represented  in  the 
northwestern  parts  of  this  continent  —  Alaska  and  Yukon, 
where  certain  varieties  have  l)een  collected  in  large  quantities 
and  at  several  stations.     Of  these  we  proi)ose  as  new 

var.  llnuiophUa  nob. 

Rhizome  densely  ca?spitose ;  culms  curved,  only  about  10^'"  in 
length ;  spikes  very  short  and  thick,  sessile  and  contiguous, 
almost  capitate,  the  terminal  mostly  gyiu^candroiis;  perigynium 
stipitate,  elliptical,  denticulate  near  tlie  beak,  purplish  s})0tted 
above. 

Collected  on  St.  Paul  Island,  Bering  Sea,  growing  in  nmd 
by  marshes.  Mr.  James  M.  Macoun  {No.  I6,fll3);  also  on  a 
nunatak  in  Columbia  glacier,  Prince  William's  Sound,  by 
Messrs.  Coville  and  Kearney  (No.  1365). 

This  variety  bears  a  strong  resemblance  to  C.  rufina  Drej., 
from  which  it  differs  only  in  its  more  robust  habit  and  the 
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structure  of  the  peTigjniimi.  However,  it  is  intercstiairtoMe 
tbat  Aonoe  Soandittarian  aathors  Hru  ioHinvd  lo  (Mtmiaer  C 
rvfina  as  a  reduced  furm  of  V.  vnhjarl*. 

v&r.  kydrophiia  nob. 

Khirome  very  slendtT,  st<>lonifcr*>un,  tlio  w.'iK'-likc  loivu* 
pemiBting,  e>1iiniti{;,  purpliiil)  brown ;  leftve*  aWiit  an  lorif^  ait  the 
very  ^leiulcr  culni!',  narrow  hnt  flal ;  spikes  pvliadrimL,  (iense- 
floweref),  pednncled,  erect  or  eotnewlmt  spreiMiinp ;  iieri|rTmiim 
promineatlT  etipitate,  runndi^li-ellipticMl,  wholly  glabrous  *Dd 
nervelce*. 

Yukon :  in  water,  Colorado  Creek,  collected  by  Professor 
John  Macmn  (No  r>3,S43). 

v«r.  li/joriirjjit  nob. 

RhizoQie  densely  cKwpitoM  with  persisting,  light  brows 
sheaths ;  luives  glaui'ous,  narn>w  hut  llal  aj-  long  t»  tlie  culms : 
cnlin»  from  l.'>  to  4(1™  in  lieiglit,  sU-ndwr,  but  orciil ;  spikes  hmp 
and  very  donfte-Howcred  exiTcpt  towardu  the  Itaue,  more  or  les« 
peduneled,  enpeeially  the  lowest  one,  which  is  often  developed 
from  near  the  base  of  the  culm  and  branched ;  bntetH  f(ili)UM^>ns 
and  qiiitu  long;  pi-ri;iyniuin  with  a  long  8tipe,  elliptical,  gla- 
hroiiB,  niany-nervifl.  tlip  beak  ^'ery  distinct  and  proportionately 
long. 

Collected  in  Alaska  at  several  stations,  on  Vancouver  Island, 
in  tlic  Selkirk  Mountains,  British  Columbia,  and  in  the  Cliilli- 
wack  Valley,  by  Mr.  James  M,  Maconn  and  others. 

The  fact  tbat  the  perigynium  is  early  deciduous  in  this 
variety  ha.*i  led  several  authors  to  the  belief  tbat  it  is  identical 
with  the  South  American  V.  decidua  Boott,  but  the  terminal 
spike  is,  in  this  species,  nearly  always  gynsecandrouB  and  the 
perigynium  is  oblong-ovate,  denticulate-serrate. 

Some  of  tJic  specimens  from  Alaska  were  sent  to  Mr,  C,  B. 
Clarke  of  Kew,  who  kindly  informed  the  writer  that  these  were 
identical  with  Scouler's  Columbia  Uiver  plant,  which  Boott 
first  naniud  C.  decidva,  but  afterwards  corrected  to  C.  vulga- 
ris Fr. 

The  so-cftlled  C.  iiiU-miptit  Bcklr.  \ar.  Impregga  Bailey  is, 
also,  eiccording  to  Mr,  Clarke,  a  form  of  C.  vulgaris,  and  almost 
like  the  typical  plant. 

var.  el'itrof  I.aiig. 
Khizume  ca-spitose :  culms  and  leaves  until  55""  in  lengCli, 
very  slender ;  r^pikes  t^essile,  cyliiidrii-al  and  dense-flowered,  some 
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what  remote,  subtended  by  short,  filiform  bracts ;  perigyniiim 
elliptical,  stipitate,  many-nerved,  glabrous. 

Nova  Scotia :  Halifax,  collected  by  Professor  John  Macoun 
(No.  16,078).  The  specimens  were  identified  as  var.  sfrictce- 
foriiiis  Bail.,  but  they  do  not  differ  in  any  way  from  our  Euro- 
pean material,  although  the  nerves  of  the  perigynium  are  not 
always  as  prominent  as  in  the  American  plant. 

In  comparing  these  North  American  varieties  of  Carex  vul- 
garis with  the  European,  wo  notice  as  a  prominent  feature  for 
distinguishing  these  the  strong  development  of  the  stipe  in  the 
former,  and  sometimes  to  such  an  extent  as  making  the  peri- 
gynia  early  deciduous.  In  the  J]uropean  forms  the  stipe  is  often 
very  distinct,  but  seldom  as  long  and  slender  as  in  the  Ameri- 
can. In  regard  to  the  nervation,  the  perigynium  shows,  as 
already  stated,  several  variations,  and  a  prominently  many- 
nerved  perigynium  seems  to  be  the  most  frequent  among  the 
representatives  in  this  country. 

The  beak  is,  as  a  rule,  very  short  in  all  European  specimens, 
also  in  the  American  w4th  the  exception  of  the  var.  lipocarpa^ 
where  it  is  quite  prominent. 

There  is,  still,  another  plant  which  may  belong  here,  but  of 
which  the  writer  has  only  studied  a  scant  supply  of  material. 
This  is  C  Kellogyii  W.  Boott,  which  seems  very  near  the 
typical  G,  vulgaris^  by  the  very  short  beak  and  stipe  of  the 
perigynium. 

Carex  aphacelata  sp.  n. 

Rhizome  ascending,  stolonif  erous  with  persisting,  deep  reddish 
brown  scale-like  leaves ;  leaves  about  as  long  as  the  culm,  rather 
broad  and  flat,  glabrous;  culm  from  80to4(>''"  in  height,  erect, 
stiflF,  triangular,  glabrous,  phyllopodic ;  spikes  three  to  five,  the 
terminal  and,  sometimes,  the  uppermost  lateral  staminate,  the 
others  pistillate,  contiguous  or  the  lower  ones  remote,  sessile  or 
short-ped uncled,  erect,  dense-flowered,  subtended  by  foliaceous, 
sbeathless  bracts  with  the  blades  broad  and  longer  than  the 
inflorescence ;  scale  of  staminate  flower  linear-lanceolate, 
obtuse,  deep  brown  with  pale  midrib;  scale  of  pistillate  flower 
ovate-lanceolate,  almost  black  with  the  mid  vein  obsolete, 
shorter  and  much  narrower  than  the  perigynium ;  perigynium 
Btipitate,  erect,  broadly  elliptical,  granular,  two-nerved,  pur- 
plish-spotted above,  whitish  below,  the  beak  short,  entire ; 
stigmata  two,  the  style  enclosed. 

Collected  in  Yukon:  Colorado  Creek,  by  Professor  John 
Macoun  (No.  63,847). 

This  species  may  be  placed  near  C.  agtiatilis  Wahl. 
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Carrx  ehioftophiia  h|i.  n. 

Kliizome  cteapilose  witl<  persisting,  brviwii  lenf-slieatlis ;  leaves 
longer  tban  the  culm,  narrow  l>Dt  llftt,  eeiibrous:  cnim  from  30 
to  -W"  in  heiglit,  erect,  slender,  trigonons,  scabrous,  phyllojx)- 
dir;  spikeH  four  to  live,  tbe  terminal  «:taminate.  tlie  lateral  pis- 
tillutv  or  with  a  few  slatninate  flowers  at  ibe  apes,  couligaone, 
HQtuile  or  tlie  loweet  one  pednncled,  erect,  dense-flowered,  cylin- 
dric  and  until  4'"  in  length,  subtended  by  slieathleee  bracts  with 
bladiw  about  HS  long  an  tlie  inf1on>scenee ;  scale  of  staminate 
flower  obloufif,  ubluecv  iiurjilish  with  [tnie  tijidveia;  scale  of  pis- 
tillate flower  o pate-oblong,  obtuse,  black  with  pale  raidvein, 
phorter  and  mncli  narrower  than  thu  iHirigynium;  perigynium 
iiiinut«ly  Btipitnte.  erect,  piriform.  graniiW  above,  nerveless, 
light  grwjn  above,  whitiHh  below,  tht-  beak  very  short,  entire; 
fltigmata  two  or  three. 

Collected  in  a  brook.  West  l>awBon,  Yokon,  by  Professor 
John  Macoun  (No.  53.M»). 

Allied  to  C.  trphaiyhttti  but  i»  readily  dietingnished  by  the 
characters  enumerated  al)ove;  it  is  altogether  a  more  gi-acefnl 
plant  with  slender  culms  and  narrower  leaves,  besides  of  »  mncli 
lighter  color. 

C'lrtx  cofi»lmilia  sp.  n. 

Itbtzome  liori2onUil,  stolotiiferoua  with  persisting  liglit  brown 
scale-like  leaves ;  leaven  about  as  long  a^  tlie  culm,  narrow  with 
revoliite  margins,  scabrous;  culm  about  25'"™  in  height,  erect, 
stitf,  triangolar  and  scabrous,  phyllopodic;  spikes  four,  the 
terminal  staminate,  the  lateral  pistillate  or  sometimes  androgy- 
nous, contiguous,  sessile  or  the  lowest  one  short-peduncled, 
erect,  subtended  by  very  short,  sheathless  bracts ;  scale  of  stami- 
nate dower  linear-lanceolate,  light  brown;  scale  of  pistillate 
flower  ovate-lanceolate,  acute  to  obtuse,  black  with  the  mid- 
vein  obsolete,  longer,  but  narrower  than  the  perigynium ;  peri- 
gynium minutely  stipitate,  erect,  orbicular,  granular  above  and 
sharply  denticulate  along  the  upper  margins,  two-nerved,  pur- 
plish spotted  above,  light  brownish  green  below,  the  beak  short, 
entire;  Htigmata  two,  style  short  but  exserted. 

Collected  near  Klondike,  Indian  Divide,  Yukon,  by  Professor 
John  Macouu  (No.  5;3,S7S). 

In  habit  not  unlike  C.  hyjterl/iirea  Drej.,  hut  the  perigyiiinni 
is  very  different. 

i'arex  r>/cloii<ir}"i  sji.  n. 

lllii/iiitu;    f-rojoiiifiTiins   with    por>!sting,  purplish  scale-like 

lcav*'s;  lt.>avps  ^hl.rt(■r  rhiiii  the  (■uhri,  Hut,  but  uarraw  ;  culmj. 

fioiiL  12  til  4:i'"'  in  ln-ight.  slciuk-r.  but  eruct,  or  slightly  curved. 
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triaDgnlar,  scabrous,  phyllopodic ;  spikes  three  to  four,  the  termi- 
nal staminate,  the  lateral  pistillate  or,  sometimes,  the  upper  one 
androgynous,  contiguous,  sessile  or  the  lowest  one  peduncled, 
erect,  dense-flowered,  short,  subtended  by  bracts,  of  which  only 
the  lowermost  is  foliaceoiis,  shorter  than  the  spike  and  witli 
black  auricles ;  scale  of  staminate  flower  linear-lanceolate, 
brown  with  pale  mid  vein ;  scale  of  pistillate  flower  ovate,  obtuse, 
black  with  the  midvein  obsolete,  shorter  and  much  narrower 
than  the  perigynium ;  pcrigyninm  shortly  stipitate,  erect,  tur- 
gid, nearly  globose,  granular,  two-nerved,  brownish  green  with 
purplish  spots  above,  the  beak  minute,  entire;  stigmata  two  or 
three,  the  style  exserted. 

Grows  in  tufts  in  woods  and  in  boggy  places :  West  Dawson, 
mountains  back  of  Dawson,  Hunker  Creek,  Yukon,  collected  by 
Professor  John  Macoun  (Nos.  53,84:2,  53,  55,  and  58).  This 
together  with  the  preceding,  C  consimills,  are  no  doubt  close 
allies,  but  they  appear  so  distinct  from  the  other  Microrhijnchce^ 
that  their  place  within  the  section  seems  uncertain.  In  some 
respects  they  resemble  C,  vidaarh  and  C,  riglda^  in  others  C 
ccespitosa  and  V.  higenn^  yet  they  may  *'ad  interim''  be  placed 
with  C,  nudatii  between  0.  aquatiUs  and  C.  interriipta^  as  indi- 
cated in  "Greges  Caricum." 

Car  ex  limnocharis  sp.  n. 

Rhizome  stoloniferous  with  persisting,  purplish  scale-like 
leaves;  leaves  as  long  as  the  culm,  rather  narrow,  flat,  scabrous; 
culm  30*^*"  in  height,  erect,  but  curved  at  the  apex,  triangular, 

; glabrous,  phyllopodic;  spikes  five,  the  terminal  staminate,  the 
ateral  pistillate  or  the  uppermost  androgynous,  contiguous, 
peduncled,  spreading,  not  very  dense-flowered,  about  5"^™  in 
length,  but  thin,  subtended  by  sheatliless,  foliaceous  bracts, 
much  longer  than  the,  inflorescence ;  scale  of  staminate  flower 
linear-lanceolate,  acute,  light  brown ;  scale  of  pistillate  flower 
ovate  acuminate,  reddish  brown  with  green,  not  excurrent  mid- 
rib, narrower  but  longer  than  the  perigynium ;  perigynium  stipi- 
tate, erect,  broadly  elliptical,  granular  above,  nerveless,  j)ale 
green,  the  beak  short,  entire ;  stigmata  two,  style  enclosed. 

In  muddy  places,  Klondike  River,  Yukon,  collected  by  Pro- 
fessijr  John  Macoun  (53,840). 

Allied  to  C,  acutina^\n\t  more  robust;  a  beautiful  species 
with  long,  slender  spikes  of  reddish  brown  color,  in  habit  much 
like  the  European  C,  prollva  Fr. 

Carex  milhgrana  sp.  n. 

Rhizome  wanting,  but  apparently  caespitose  with  persisting 
reddifih-brown  leaf-sheatjis :  leaves  shorter  than  the  culm,  nar- 
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row,  but  flat,  j^ibruiis;  culms  until  60™  in  height,  slender, 
triaiignlBr,  oGubroiis,  phyllopodic;  spikps  five  to  six,  the  termi- 
nal AtKitiinate,  the  lateral  pistillate  or  the  uppermost  Aadrogy- 
nous,  owntignouB,  ni'srly  sfesilo,  spreading  to  almoet  droopinj^, 
from  4  to  8™  iu  Iciigtli,  wlenuer.  but  verv  dense-flowered 
exunpt  towardf  the  ha^e,  sl1htt^n<led  by  gheatlilees  bmcte  witli 
rery  short  bladew,  tlie  lowest  barely  half  as  loug  as  the  inflor- 
escence ;  scale  of  etaniiuute  flower  elliptical  oblong,  pale  reddisli- 
browii  with  green  uiidvein;  scale  of  pintillntc  flower  elliptical, 
a  little  darker,  spreading  and  Homewhat  ttborter  than  the  perig;^'- 
iiium;    perigjiiinm    sessile,  elliptical,  granular,  compreeeed, 

Eromineiitly  two-nerved  (the  lateral),  ptilc  greenish  brown,  the 
eak  nbort,  cmargiuatc :  etiginatn  two. 
South    Dakota;    Rosebud   Creek,   collected   by   Mr.    E.  J. 
Wallace.  ^ 

In  general  Imbit  much  like  O.  angustata,  but  we  preferjB 
neverthelesa,  t*^'  pWe  it  near  C  leniifntlnru. 

Citrex  dioes  sp.  n.  (figp.  B-9). 

iihizome  wanting,  ap|>areutly  ceespitoee,  lower  leaf-sheatbs 
light-brown,  not  fibrillo>^;  leaven  as  long  as  the  culm,  quite 
bi-osd  and  flat,  ecabrtjua  along  the  margins;  culms  «p  till  60™ 
ill  height,  erect,  stiff,  triaiigulur,  very  scabrous,  pbyllopodic; 
spikes  from  six  to  seven,  tne  terininal  and  ttppermost  one  or 
two  latcriil  staminate,  (be  others  pistillate,  Tnoi-e  or  less  remote 
and  peduncled,  especially  the  lowest  one,  nodding,  very  dense- 
flowered,  from  4  to  10™  in  length,  subtended  by  sheathless, 
foliaceons  bracts  of  which  the  lower  ones  reach  high  above  the 
inflorescence;  scale  of  staminate  flower  linear-oblong,  mncron- 
ate,  jMile  brown  with  green  midvein;  scale  of  pistillate  flower 
(fig,  8)  lanceolate  oblong,  acute,  purplish  with  green  inidvein, 
much  narrower,  but  about  as  long  as  the  perigynium  ;  perigy- 
niuni  (tig.  9)  minutely  stipitate  to  sessile,  erect,  roundish,  com- 
pressed, granular,  two-nerved,  sparingly  denticulate  along  tlie 
upper  margins,  pale  green  with  scattered  purplish  spots  and 
streaks,  the  beak  very  short,  entire;  stigmata  two. 

Collected  in  Oregon  by  Mr,  L.  F.  Henderson  ;  in  California: 
"in  open  swamps  with  V,  utricuJata,  12  mile  house  Ran  Jose 
R.  R.''  collected  by  H.  N.  IJoIauder,  and  in  Chilliwack  Valley, 
British  Columbia,  by  Jlr.  James  M.  Macoun. 

The  aflinity  is  with  C.  Siti.'hensh  Preweott. 

(Mrf.x  aallna  Walil. 

The   statement   that  "  thi»i   sjiccics   docs   not  occur  on  the 

western  side  of  this  continent"*  is  a  mistake,  since  it  has  been 

•  Memuim  TotT*y  Bot.  Clnl)',  i,  45,  1H8B. 
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collected  at  several  stations  on  tlie  Alaskan  coast,  sometimes 
associated  with  its  near  ally,  C.  suh8j>athacea  Wormskj. 

Car  ex  hoematolepis  Drej. 

Described  by  Drejer*  as  follows :  "  Spica  mascula  1,  femin. 
3-6  elongatis  cylindraeeis  laxifloris  in  pedunculo  lapvi  valido 
erectiusculis  v.  demum  nutantibus,  squainis  ovatis  acntis  serrn- 
lato-nuicronnlatis  perigynia  ovali-ovata  substipitata  siibsuper- 
antibns,  stigniatibns  2-8".  '^Squainne^  atro-sangninere  tenuis- 
sime  pnnctulatae  nervo  tennissiino  discolore,  ovatfle,  acutse  serru- 
lato-aristat{e  v.  inuticie,  ])erigynia  fere  tegentes  et  superantes. 
Periffvnia  oI)solete  nervata  decolora  strain ineo-viridia,  rostro 
brevissimo  integro."  Only  known  from  Greenland,  but  may 
be  found  on  the  nortliea^tern  coasts  of  this  continent.  It 
shows  some  resemblance  to  (J,  eryptocarpa^  but  diifers  from  this 
by  the  nearly  erect  pintillate  spikes,  the  mucronate  scales  and 
the  much  narrower  perigynia. 

Carex  cryptocarpa  C.  A.  Mey. 

To  American  botanists  this  species  is  so  well  known  and 
well  understood  that  it  should  hardly  be  necessary  to  make 
any  further  mention  of  it  as  a  little  known  species.  However 
in  a  recently  published  paper  dealing  with  Arctic  Cariees^^  the 
species  is  enumerated  as  identical  with  C.  Lynahyei  Ilornem., 
with  C.  filipendula  Drej.  and  with  C.  cajylulpes  Drej.  and 
has^  received  the  new  name  C,  Lynyhyet  Ilornem.,  this  being 
older  than  the  name  of  Meyer.  If  now  the  diagnosis  of  these 
four  formerly  recognized  species  had  been  drawn  up  so  as  to 
demonstrate  their  identity,  we  should  have  no  objection  to 
make,  but  it  seems  to  us  that  a  comparison  of  the  plants  them- 
selves and  the  original  diagnoses  makes  it  rather  unnatural  to 
combine  them  as  only  one,  a  fact  that  becomes  more  evident 
when  we  examine  the  renewed  description  of  C,  Lynqhyei 
(I.  c). 

Habitually  these  four  species  are  somewhat  like  each  other, 
but  C.  eryptocaipa  is  readily  distinguished  by  being  y^v\ 
robust  with  broad  leaves  and  heavy  spikes,  while  the  others, 
especially  C.  Lynyhyel^  is  exceedingly  slender  in  all  its  parts. 
The  specific  characters  are,  however,  to  be  drawn  from  the 
structure  of  the  scales  of  the  pistillate  spike  and  of  the  perigy- 
nium,  and  we  have  noticed  the  following  distinctions:  The 
scale  is  in  C.  cryptocarpa :  oblong  to  oblong-lanceolate,  acute 
with  a  broad  midvein  ;  in  C,  Lynghyei :  lanceolate  with  the 
midvein  extended  into  a  very  long,  serrulate  awn ;  in  Cjili- 

*  Reviflio  critica  Caricum  boreaHam(NatnrhiRt.  Tidsskr.  Kjobenbava  1841). 
f  Ostenfeldy  C.  H.,  Flora  Arctica,  Copenhagen,  11102,  p.  75. 
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pen  dula  ;•  ovRte^  acute  to  nnHtnlatc  ;  in  C,  ca.inflijieia :  ovnte- 
laiii'uolftt«,  rniicronate.  The  perigyuiam  is  in  V.  ortjptocarpa  : 
broadly  eUiptieal,  minutely  scabrous  alung  the  tip{)ei'  iiiarf2;iiiti, 
and  with  tne  veins  hardly  visible;  in  0.  Zyngh;/ei :  obovate, 
f^kbrous.  proniiucntly  veined  ;  in  C.Jiiipendula:  oval  to  obo- 
VRt«,  glabrous,  obeoletely  veined ;  iu  C.  cainlUpeg :  subovatf, 
scabrous  along  the  upper  margins,  obaotetely  veined.  In 
yiora  Aretica  the  deflcription  of  these  four  epeciee  "  C  £yn{/- 
hyfi  "  reads  thns :  "  scales  three-nerved,  Rcuminate  with  elon- 
gated luidvein  longer  than  the  faintly  nerved  ntricles."  In 
the- hundreds  of  specimens  which  we  have  examinwi  of  the  Alas- 
kan C.  fvyptocarpa,  we  have  invariably  found  the  scales  simply 
acute,  and  we  failed  to  observe  any  deviation  fmni  the  descrip- 
tion of  the  periffvninm.  In  regard  to  C.  Jtl4p^id/ula,  of  which 
we  have  examined  material  from  Greenland  and  Iceland,  we 
cannot  bat  express  our  doubt  a«  to  the  ideutity  of  this  with  C. 
orypUK'arpa,  and  w«  are  indeed  much  more  inclined  to  con- 
sider it  as  a  nearer  ally  of  (?.  anUna,  an  opinion  that  has 
already  been  pronounced  by  sucli  critical  students  of  the  ^eniis 
as  Blytt  and  Boott.  C.  Lynghyei  is  too  characteristic  a  species 
to  be  confounded  with  any  of  the  others  and  appears,  thus,  to 
be  tlie  only  endemic  apeciea  of  the  Fierce  islands;  and  finally 
ill  regard  to  C.  capilllpca  this  is  yet  imperfectly  known,  but  a£ 
long;  as  some  distinctive  characters  have  hcea  noted,  especially 
in  the  perigyninni,  it  would  be  safer  to  keep  it  as  a  distinct 
species  until  it  is  again  stniiiud  hihI  Iietter  kTiown.* 

Carex  macrochaUi  C.  A.  Mey. 
Although  being  exceedingly  frequent  on  the  Alaskan  coast 
and  the  islands,  the  species  shows  but  slight  variation.  The 
terminal  spike  is  usually  wholly  staminate,  but  we  found,  how- 
ever, a  few  specimens  from  Unalaska  in  which  this  was  either 
androgynous  or  gynaecandrous  or  even  entirely  pistillate.  Two 
quite  striking  varieties  were  noticed,  viz: 

var.  emarginata  nob. 

Taller  and  more  slender  than  the  typical  plant;  spikes  very 
long,  kio.sc-riowcred,  remote;  scales  ot  pistillate  spike  promi- 
nently eniiirginatc  with  a  suta  funr  tinifw  as  long  as  the  body 
of  the  scale. 

Alaska:  Jvukak  Hiiy,  cullectcd  by  Messrs.  Coville  and 
Kearney. 

•  To  give  the  rciulir  scuuf  further  iik-a  of  rhe  trrntment  of  the  Carim  in 
Florii  AroticH,   wi- mit;ht  ijiioIh,  for  iiistaiu-e,   tlie  snionvmj  giveu  of  tViiVJ- 

alpiffutt."  Siii'h  .■nc)rs  iire  l\w  invvituhie  i-ennlt  of  corupilation  without 
ai-resa  to  ikiitlit-ittic  luutfritil  Htid  to  tlie  iiioKt  L)ii]iortnut  literature,  tbe  worts 
of   Bdott   for   instiiiH'e.     It  is.  iurli'i^l,  ii  iiily  to  see  tbe  interesting  Arctic 

pIllIltH  Sllbiuittl'd  tu  »!>  \KXJT  H  tFfiltllieilt. 
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var.  macrochloena  nob. 

Very  robust  with  four  sliort  and  heavy  pistillate  spikes ; 
perigynium  very  large  and  longer  than  the  simply  mucronate 
scale. 

St.  Paul  Island,  Bering  Sea,  collected  by  Mr.  James  M. 
Macoun. 

Carex  nesop/nla  sp.  n. 

Rhizome  stoloniferous  with  light  brown,  fibrillose,  scale-like 
leaves ;  leaves  shorter  than  the  culm,  relatively  broad  and  flat, 
glabrous ;  culm  very  variable  in  height  from  12  to  38^™,  erect, 
slightly  bent  near  the  apex,  erlabrous,  phyllopodic  ;  spikes  from 
two  to  four,*  the  terminal  staminate,  the  lateral  pistillate  or 
very  seldom  androgynous,  contiguous,  sessile  and  erect  or  the 
lowermost  borne  on  exserted  peduncles  and,  sometimes,  nod- 
ding, all  subtended  by  sheathless  bracts  with  blades  about  as 
long  as  the  inflorescence  or  shorter ;  scale  of  staminate  flower 
elliptical,  acute,  deep  ]>iirplish  with  three  green  midveins ;  scale 
of  pistillate  flower  broadly  elliptical,  acute,  purplish  to  almost 
black  with  faintly  visible  midrib  of  three  veins ;  perigynium  a 
little  longer,  but  narrower  than  the  scale,  sessile,  erect,  from 
oval  to  elliptical  oblong,  few-nerved,  pale  green,  the  beak 
purplish,  very  short,  entire  or  obliquely  cut ;  stigmata  three  or, 
sometimes,  two,  the  style  not  exserted. 

St.  Paul  Island,  Bering  Sea :  abundant  on  uplands  with 
Sieveraia  Ilossii^  Arfeinisia  (jlohidaris  and  Potentilla  villosaj 
but  not  associated  with  any  species  of  Carex^  collected  by  Mr. 
James  M.  Macoun  (Nos.  10,614  and  10) ;  also  on  Popoff  Island, 
Shiimagin  Islands,  by  Mr.  T.  Kincaid. 

Carex  nef<ophila  resembles  sometimes  certain  forms  of  C, 
salina^  but  the  structure  of  the  perigynium  is  always  more  like 
that  of  0.  macroc/i(pt</,  besides  the  spikes  beinjj;  contiguous. 
Although  being  a  rather  inconspicuous  plant  it  lias  been  col- 
lected in  great  num])ers  and  only  on  tlie  islands  in  Bering  Sea, 
hence  the  name  '^nesop/rila.'^ 

Carex  Schottli  Dew,  (figs.  10-11). 

The  species  was  originally  founded  on  immature  specimens 
from  Santa  Barbara,  California,  some  of  wliich  are  in  the  her- 
barium at  Kew  ;  Mr.  Clarke  has  examined  these  and  informed 
us  that  Bolander's  specimens  No.  1570,  collected  in  swamps  at 
Oakland  and  in  salt-marshes  near  Fort  Point,  San  Francisco, 
are  identical  with  these ;  also  identical  with  Bolander's  plant 

*  As  to  the  nnmber  of  spikes  we  find  in  twenty -two  specimens : 

15  specimens  with  3  lateral  spikes, 
f^        (<  ^*    1       ''  ^* 

•  2        '*  '*    2       ^*  ** 
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is  the  so-called  C.  obnupia  Bail,,  of  wliiuli  Mr,  J.  W.  Congdon 
lias  Eient  ns  very  fine  inatenni  wllected  iu  swaitipg,  Mendocino 
County,  and  they  all  answer  the  diagnosis  of  C.  SckoUil  varv 
wfll,  but  seem  diittiuct  from  the  little  that  we  know  of  Dewej^e 
C  Barhant!,  (I'ip;-  10  =  ecale  of  pistillate  spike;  fig.  11  = 
peripyniuin,  botli  of  U.  Si'hoUti.) 

Carex  magn{ficu  Dew, 

Tlirough  the  kindne&e  of  Mr.  Clarke  we  have  learned  that 
most  of  the  specimena  of  so-called  C  tUtcheti&U  belong  to  thi» 
unimhlished  species  of  Dewey,  who  sent  it  to  Boott.  The 
real  C.  Sitch^isis  is  a  very  different  plant  with  slender  and 
remote  pistillate  gpikes,  of  which  we  have  studied  authentic 
material  iu  the  herhariam  of  Bischoff,  which  is  now  in  the 
po»>6eesioD  of  the  St.  I^uuis  botanical  garden.  This  species,  C. 
Sitohenaw  PruMiott,  is  known  from  the  coasts  of  Alaska  and 
Oregon,  and  ha«  been  deacrihed  an  C.  OoroeUii  Bail. 

Mr.  Clarke,  furthermore,  states  that  Boott's  plate  594  (T. 
laoiniata),  us  to  the  plant  depicted,  represents  C.  SUekenth 
Prcee.  vera,  while  the  dt-taiU  are  taken  from  tlie  old.  true  C. 
tamniatn.  Identical  with  C.  Si'tvfu'niii«  Preac,  are,  also,  C. 
cryjtUicarpa  Franch.  and  0.  atrata  Hook  ct  Am. 

Oarer  lacimarum  sp.  n.  (figs.  12-13), 
Roots  thick,  very  hairy ;  rhizome  cffispitose  with  persisting, 

reddish  brown  leaf-Klieatli!-;  leaver-  aw  long  as  the  cubii.  rela- 
tively narrow,  cannate,  glaucous  and  very  scabrous ;  culm  aI>out 
60'^'"  in  height,  coarse,  triangular,  scabi-ons,  phyllopodic;  spikes 
three  to  five,*  the  terminal  and  uppermost  lateral  staminate, 
the  others  pistillate  or  androgynous,  more  or  leas  contiguous, 
sessile  or  the  lower  ones  i»eduncled,  nodding,  cylindric,  very 
dense-flowered,  from  2  to  8""  in  length,  subtended  by  bracts 
with  blades  longer  than  the  intJorescence  (fig,  12),  sheathles^ 
or  the  lowest  one  with  a  short  sheath ;  scale  of  staminate  Hower 
lanceolate,  erosely  denticulate  above,  tln-ee-nerved,  pale  pur- 
plish with  hyaline  margins  and  base:  scale  of  pistillate  flower 
(fig,  !;■!)  broadly  ovate,  acuminate,  mueronate  to  aristate,  erosely 
denticulate  above,  tbree-nerved,  purplish  brown  with  hyahnc 
margins ;  pengvnitnn  (tig.  1 3)  longer  than  the  body  of  the  scale. 
sessile  or  nearly  so,  erect,  rhiiniliicMival,  biconvex,  coriaeeou.^, 
two-nerved,  slightlv  denlicniate  ali>!ig  the  upper  margins,  other- 
wise glabrous,  jwile  brown,  the  beak  short,  entire;    stigmata 
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California:  Lagoon  at  Sebastopol,  Sonoma  County,  collected 
by  Mr.  A.  A.  Heller  (No.  5797),  and  in  a  marsh  at  Berkeley, 
collected  by  Mr.  J.  Burtt  Davy.  The  species  is  nearest  related 
to  C\  ma^nijica  Dew.,  but  is  readily  distinguished  by  the  lighter 
color  of  the  spikes  and  the  very  dense  and  regular  arrangement 
of  the  pistillate  flowers. 

Carex  sklerosticta  Hance. 

We  have  placed  this  as  a  member  of  the  Lejochlaence^  and  it 
is  interesting  to  see  that  in  addition  to  the  shape  of  the  perigy- 
nium,  the  species  agrees,  also,  by  its  mono])oaial  rhizome  and 
long-sheathed  bracts,  with  the  central  forms:  C,  laxlflora^ 
Careyana^  etc.  Otherwise  the  lateral  spikes  are  all  androgy- 
nous, a  character  which  we  do  not  tliink  is  sufficient  for  the 
segregation  of  the  species  from  the  Cariees  (jenuina^. 

It  is  somewhat  remarkable  that  the  rhizome  is  rather  slender, 
creeping  and  stoloniferons,  while  most  of  the  monopodia! 
Carices  have  a  short,  ca^spitose  rhizome. 

( \(rex  cryptosiac/tys  Brongt. 

As  already  stated  by  Boott,  this  nnist  be  referred  to  the 
DdctylostamycB,  and  it  ]X)ssesses  the  same  monopodia!  rhizome 
as  is  observable  in  C.  (ligitata  foi*  instance;  the  structure  of 
the  perigynium  is  much  the  same,  but  the  ramified  culms  \\\i\\ 
quite  numerous,  androgynous  spikes,  makes  the  s])ecies  appear 
as  the  most  evolute  type  of  the  section. 

Carex  jyhy so chhpua  sp.  n. 

Rhizome  loosely  cjespitose  with  persisting  purplish  leaf- 
sheaths;  leaves  much  shorter  than  the  culm,  very  narrow,  but 
flat,  scabrous;  culms  from  30  to  42*""  in  height,  erect,  slender, 
but  stiff,  trigonous,  scabrous,  only  leafy  at  the  l)ase,  phyllopo- 
dic;  spikes  two  to  three,  the  terminal  staminate,  the  lateral 
pistillate,  mostly  contiguous,  sessile,  erect,  very  thick  and 
dense-flowered,  subtended  by  short,  filiform,  sheathless  bracts, 
the  lowest  one  spreading  and  about  as  long  as  the  spike; 
scale  of  staminate  flower  obovate-oblong,  obtuse,  j)urplish  with 
green  midvein  and  pale  margins;  scale  of  pistillate  flower  ovate, 
obtuse,  deep  purplish  to  almost  black  with  the  midvein  obsolete, 
shorter  than  the  perigynium ;  perigynium  sessile,  spreading, 
oval  to  oblong,  inflated,  glabrous,  faintly  nerved,  purplish 
above,  yellowish  below,  the  beak  short,  bidentate;  stigmata 
three,  the  style  flexuose  within  the  perigynium. 

Collected  on  Coal  Creek  hill,  near  the  Yukon  Eiver,  by  Mr. 
Fr.  Funston  (No.  139). 

Very  distinct  by  the  heavy,  dark  spikes  contrasting  the 
Blender  culm  and  narrow  leaves:  its  nearest  ally  is  C.physo- 
C(Mrpa. 

Brookland,  D.  C,  October,  1903. 

Am.  Jour.  Soi.— Pouhtd  Series,  Vol.  XVII,  No.  100.— April,  1904. 
22 


O.  F.  Eaton — Vharact^ra  of  Pteraiwdor 


Art.  XXVIII. — ChaTacters  of  Pteranodon  (Second  Paper  J  : 
hy  G.  F.  Eaton.     (With  Plates  XIX  and  XX.) 

Ebiek  notices  of  some  of  the  cliarncters  of  Ptemnodon  Uar«h 
were  puhlislied  in  this  Jonmal  in  July,  1903,  A  rcBtoration  of 
Pteraiwdcn  lojigi^pit  is  now  aljont  to  be  installed  at  St,  Louis, 
which  has  l)een  prepared  under  my  direction  as  the  contribution 
of  the  Department  of  Vortehrate  Paleontology  of  tlio  Yale 
Museum  to  the  University's  exliibit  at  the  Lonisiana  Purchase 
Exposition.  It  is  therefore  advisable  to  describe  such  additional 
characters  of  PteronodoTi  as  ar«  manifest  in  tlie  restoration. 

A  half-tone  eneraving  of  this  I'CBtoration  appears  as  Plate 
XIX. 

The  Sclerotic  Circle. 

The  sclerotic  cireie  is  composed  of  twelve  thin  plates  of  bone 
arranged  with  overlapping  edges,  so  as  to  form  a  Iiollow  trnn- 
eate  cone  similar  in  shape  to  the  avian  sclerotic  circle.  Plate 
XX,  tignre  1,  shows  the  arrangement  of  tlieec  plates  in  the  left 
orbit  of  a  large  head  of  Ptej^nodon.  By  removing  the  matrix 
from  nuder  the  left  side  of  the  skull,  which  was  crushed  later- 
ally, the  circle  was  exposed  pressed  inward  against  the  inter- 
orbital  (Upturn  and  with  the  oonipouent  plates  little  disturbed 
from  their  normal  poeitioti. 

Professor  Wiltiston*  refei-s  to  the  sclerotic  circle  of  the  allied 
genus  y^yctmaurtifi  ( X yi'todactylus)  in  these  woi-ds:  "It  had 
a  ring  of  thin,  lai^  sclerotic  plates,  which  were  preserved  in 
displaced  positions.  The  seiiamte  plates  were  not  united  by 
imbrication,  as  in  the  niosasaurs."  The  chapter  on  the  Ptero- 
sauria  in  the  new  edition  of  Zittel's  Paleontology,  1902,  as 
revised  by  Professor  Williston,  contains  no  description  of  this 
structure  in  cither  Ptei-anotltm  or  Nycttjamirus.  Oddly  enough, 
in  this  revision,  it  is  Pteranodon  that  is  credited  with  a  scle- 
rotic circle,  and  not  NycUmiurus  iu  which  Professor  Williston 
observed  tlie  stnicture. 

The.  Vertcbm'. 
The  most  impurtiiiit  note  tn  he  marie  here  concerns  the  ver- 
tebral formulii,  which  I  have  now  determined,  I  have  figured 
and  described  in  this  .lournal  (July,  I'M^S)  the  series  of  verte- 
bi-iv  which  arc  niich.vh'sed  together  ti»  support  the  ilia.  Fur- 
ther invcstigjitiiiri  has  slinwn  tlie  number  nf  presacrals  attrib- 
uted to  l'i<  fiii'i'd'ih  Iiv  prcviiiiis  writi'i-s  to  be  incorrect. 
Instead  of  ciglit  cL-rvi.-ii'ls.  as  given  by  Pnifcssor  Williston. 
there  ;iru  in  reality  nine.      In  the  doiwil    series  are    included 
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eight  vertebrse  anchylosed  to  form  the  notarium,  and  four  free 
dorsals  intervening  between  the  notariuni  and  the  sacrum. 

Professor  Williston  has  been  at  considerable  pains  to  dem- 
onstrate the  number  of  cervical  vertebrae  in  Pteranodon  and 
j^yctosaunis^  and  it  is  from  him  I  quote  :*  "  If,  however,  we 
consider  that  vertebra  Avhich  beai^s  the  first  rib  articulating 
with  the  sternum  to  be  the  first  dorsal,  then  I  believe  that  the 
prevailing  number  of  cervicals  in  pterodactyls  is  eight. 

"  From  the  foregoing,  then,  it  seems  assured  that  there  is  a 
free,  short  vertebra  in  front  of  the  notariuni,  in  both  Pterari- 
odo7i  and  Nyctosaunis^  bearing  a  free,  small  rib,  which  does 
not  unite  with  the  sternum.  This  vertebra  is  the  eighth  cer- 
vical, and  is  probably  present  in  all  pterodactyls." 

Following  the  atlas  and  axis  are  five  vertebrie  with  long 
centra,  then  two  vertebra*  with  short  centra,  making  nine  cer- 
vicals in  all.  Plate  XX,  figures  2,  3,  and  4,  show  tiie  seventh, 
eighth,  and  ninth  vertebne  in  their  correct  sequence,  the  long- 
est of  the  three  being  the  seventh.  As  there  is  no  doubt  that 
the  seventh  is  the  most  posterior  of  the  long-bodied  cervicals, 
it  is  here  onlv  necessarv  to  illustrate  and  call  attention  to  the 
last  three  cervicals,  and  to  state  that  they  were  preserved  in 
their  normal  arrangement  and  that  the  ninth  was  in  contact 
with  the  first  true  dorsal  or  notarial  vertebra,  i.  e.,  the  first 
vertebra 'connected  by  ribs  with  the  sternum.  I  hope  to  show 
later  that  Professor  Williston  is  right  in  suj)posing  that  Pteran- 
odon and  Nyctosaurus  have  the  same  cervical  formula.  The 
number  of  cervicals  in  Pteranodon^  however,  is  nine,  and  not 
eight  as  formerly  sni)posed.  Fortunately,  the  material  in  the 
Tale  University  Museum  satisfactorily  decides  this  mooted 
question. 

In  describing  the  specimen  of  JVyrtO'^urus-  upon  which 
Professor  Williston  bases  his  calculation  of  cervical  vertobroe 
(Osteology  of  Kyctosaurus),  he  says  that  the  eighth  cervical  lay 
"close  to  the  first  notarial  vertebra,  and  near  the  j)resternal 
process  of  the  sacrum,"  from  which  statement  1  must  suppose 
his  evidence  less  satisfactory  than  my  own. 

The  four  free  dorsals  which  follow  the  notarium  are  shown 
in  their  normal  sequence  in  figures  5,  0,  7,  and  8,  of  Plate  XX. 
Unlike  the  eight  notarial  vertebra^,  these  four  were  probably 
capable  of  slight  motion.  This  is  indicated  by  the  character 
of  the  articular  facets  of  the  zygapophyses  and  of  the  ends  of 
the  centra.  The  figures  correctly  show  transverse  processes 
terminating  in  facets  for  the  support  of  single-headed  ribs. 
Like  all  the  vertebrse  in  the  entire  vertebral  column,  so  far  as 
observed,  these  four  free  dorsals  are  procoelous. 

*  On  the  Osteology  of  Nvctosanms,  Field  Columbian  Museum,  Publication 
78,  pp.  127,  129,  June  1,  1903. 
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Bv  assiiming  that  iho  tiret  fdiir  vertfibiw  of  the  sacral  series 
(in  tlie  brtiRder  sense)  are  liomolog;iies  of  the  himbars  of  other 
groupM,  the  total  niiinlier  of  presacral  vertebrte  would  appcjir 
to  bi'  tweuty-five.  Tbia  oomiwreH  closely  with  the  supposed 
number  of  presacrals  in  the  EiiBnehia. 


EXPLANATION   OP'   PLATES. 


Twrni:  I.— Itestorntton  o(  Pteraiioil'iu  liniiifcrps  Mnrsb  ;  prepni^  from 
the  arJKiual  faeail  bonea,  by  H.  Glbb,  nuilei  the  direction  of  G.  F.  EatuD.  he 
the  YoJe  Duivenlty  MnstMun,  MhivIj,  IWH.     One  tweutj-fotirth  Dtttnml  size. 

Plat;:  XX. 

FiocKR  1, — Left  orbit  »qi1  seleroUp  eirol«  of  Ptei-aiodon.  The  arrtw 
pointB  to  the  nuMirior  eitreinity  of  the  bend. 

FiorKE  2,— Seventh  cervioal  vertehm  of  fHtraiuidon. 

Frcinu  S. —Eighth  ciirvical  rertebm  of  Ptfiiinfulini. 

FlilDRB  4. — Niuth  cervical  VBH*ibfB  of  Hlrmnoilini, 

Plo0itE  S. — Niulh  doiKil  vertebra  of  Ptrranoduii. 

FiovHE  6.— Taiilh  dorsal  vertebra  of  Plerauodon. 

FiaoBX  7. — Eleventh  dorsal  vertflbm  of  Itfrnniulmi. 

Piocm  8.~TwelfUi  don*l  voi'tebni  ..f  PtnmnmUui. 

All  the  figiires  are  three-fcinrlbs  natiirai  size,  and  illnatrate  the  left  side  of 
the  Bpetrinifns. 
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Art.  XXIX.  —  Palceontological  Evidence  for  the  Original 
Tritxibereular  Theory:  by  Henry  F.  Osborn.  (With 
Plate  XXI.) 

There  lias  been  a  strong  reaction  of  late  against  the  original 
tritubercular  theory  so  far  as  it  concerns  the  origin  of  the 
upper  molar  teeth  of  mammals,  by  embryologists,  comparative 
anatomists  and  palaeontologists.  Among  the  latter,  Dr.  J.  L. 
Wortman  has  reached  especially  strong  conclusions,  which 
have  been  published  in  this  Journal.* 

According  to  the  original  theory  of  Cope  as  developed  by 
Osborn,  the  homologue  of  the  main  reptilian  cone  or  protocone 
is  invariably  situated  on  the  antero-internal,  or  lingual  side  in 
the  upper  teeth. 

According  to  the  views  of  the  earlier  opponents  of  the  tri- 
tubercular theory,  the  protocone  is  found  on  the  antero-external 
side,  as  in  the  premolars,  and  corresponds  with  the  cusps  which 
Osborn  called  the  paracone.  According  to  the  views  of  M.  F. 
Woodward,+  which  were  based  on  embryology,  the  protocone 
varies  in  position  in  different  groups  of  mammals,  namely, 
antero-internal  in  certain  zalambdodont  insectivores  (Cen- 
tetes),  and  antero-external  in  Dilambdodonta  (Erinaceus),  as 
well  as  in  most  other  mammals.  Similarlv  Wortman,  by  anal- 
ogy  with  the  premolars  (this  Journal,  November,  1903),  believes 
that  the  position  of  the  protocone  may  have  been  variable, 
that  is,  in  some  cases  internal,  in  others  external. 

The  whole  point  of  this  very  complex  question  turns  on  the 
simple  question  of  evidence  w^hether  the  main  reptilian  cone, 
ov protocone^  of  the  ancestors  of  manimals  was  found  upon  the 
antero-internal  side  or  on  the  antero-external  side  of  the  upper 
molars. 

The  original  evidence  upon  which  Osborn  supported  and 
developed  Cope's  theory  is  that  derived  from  the  rare  upper 
molar  teeth  of  the  Jurassic  mammals.  Osborn;}:  cited  (1)  the 
upper  teeth  of  Triconodon^  in  which  the  main  cone  is  central^ 
(2j  the  upper  teeth  of  Perah'stea  (British  iluseum)  fig.  2,  in 
which  the  main  cone  is  inteimal^  (3)  the  upper  teeth  of  Kur- 

*  **  In  view  of  the  facta  above  set  foi*th,  however,  I  am  more  firmly  than 
ever  of  the  opinion,  that  aU  such  attempts  [to  name  the  cuspa  of  the  molars 
in  accordance  with  their  supposed  homologies,  rather  than  with  their  rela- 
tive positions]  are  foredoomed  to  failure,  and  1  believe  they  should  be  aban- 
doned 88  utterly  useless  and  confusinj? ;  that  of  Professor  Osbom.  being 
doubly  erroneous,  is  therefore  the  most  open  to  objection  in  this  regard." 
(This  Journal,  vol.  xvi,  November,  1903,  p.  308.) 

fProc.  Zool.  Soc.,  Loud.,  1896,  pp.  557-r)94. 

X  On  the  Structure  and  Classification  of  the  Mesozoic  Mammalia.  Jour. 
Acad.  Nat.  Sci.,  Phila.  (2),  ix,  pp.  242-246. 
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todon,  fig.  3,  in  iitu  BritmL  MuHeiitii  in  wliioh  tliu  main  cone  is 
internal,  (i)  a  reference  l)y  Professor  Marith  to  the  fact  that 
ID  the  upper  molars  of  /Jri/oJ-ivteii  the  main  cone  is  inUn^al. 
In  each  case  the  iimiii  t-oue  was  believed  to  ba  the  protocone. 

Tht!  teeth  last  mcTitioiict^l  (4)  were  not  personally  exatnioed 
at  the  time,  but  thrciiyh  tJie  kiniineajt  of  the  lat«  Professor 
Charles  E.  Bceclier  I  was  recently  enabled  to  stndy  them  in 
the  Yale  University  Museum. 

The  specimens  consist  of  two  superior  series.  Thoy  bol(i 
show  that  tht>  largo,  einicle,  main  cusp  of  the  etofmK  ititf-mal. 
and  in  mv  ii|iiiiiuii  tlifv  iireriiTii  ■■■i>iir?uNt'rr  <'vi4cncf  of  th« 
truth  if  I'h'  IrH'il'-  rr,il.n-  ihr,„-i,  .'^  nvU/iuiillij  projwited. 

Mi.re  ill  ilc4;iil,  \\\v  r«u  .-|ii-i'nii<-iis  tiiki'ii  rnj-rrlicr  show  per- 
feetly  thu  etriicture  of  both  lln:  t^'own.s  aii<l  fanj;;B  of  seven 
snperior  molar  tet'th,  and  confirm  entirely  the  general  descri]v 
tioii  eivtm  by  Marsh,  to  whioh  donR"  hiiportant  points  may  be 
added  HJi  follows; 

(1)  The  molars  are  shai-ply  distinsuished  fivm  the  pre- 
molars, which  are  Ijifan^ced  teeth  wltli  simple,  laterally  com- 
pressed erownw.  i2)  The  molar  crowns  art  broadly  transverse 
or  triangular,  and  upon  the  hiternai  side  of  each  is  a  large, 
couical,  pointed  ciisp.y>r,  supported  by  a  large,  stout  fan^,  fig. 
1  A,  m6,  in,7;  around  the  inner  side  of  each  of  these  ensps  is  a 
delicate  cingiilum,  tig.  1  A,  e.  (3)  The  emiemal  portion  of  the 
^^oad]v  triangular  crown  is  mipported  on  two  smaller  fangs, 
fig.  1  A,  mfJ,),i7.  (4)  The  fxrc-nial  puL-tiun  <if  the  crown  i. 
depressed,  and  bears  one  large  antero-external  cusp  ?/>a  and 
one  smaller  postero-external  cusp  ?m.e  which  is  either  partiv 
worn  away  or  less  pronounced  in  development.  (5)  Outside 
of  this  external  wall  there  is  also  a  faint  basal  eingulum.  c,  c,  ••. 
(6)  Connecting  these  low  external  cusps  with  the  elevated 
internal  cusp  are  two  transverse  ridges ;  the  anterior  traiisvci-se 
ridge  is  higher  and  stn^nger  than  the  posterior. 

These  features  are  clearly  shown  in  the  accompanying  draw- 
ings, fig.],  which  were  made  and  shaded  under  tne  camera 
lucida  and  therefore  admit  of  no  doubt  as  to  interpretation. 

These  two  specimens  fully  supplement  and  confirm  each 
other;  they  also  supplement  the  evidence  derived  from  tlic 
study  of  the  ^superior  molar  teeth  of  Pi-ruh'slvit  (fig.  i"J  and  of 
ICiirtoihm  (fifi.  :i)  in  the  British  Museum,  which  were  cited  and 
figured  in  my  memoir  and  iti  various  subseipient  papers  on  tri- 
tuliereuly. 

Again  sumuiiug  up  this  combined  evidence,  we  find  in  tlie 
.Tunissic  ]iurioil  the  sujicrinr  inolars  of  the  only  mammals 
known  (c\cei>ting  tlie  Tricouoduntii  ami  Midtitnberculatai  to 
consist  of  11  \-M-'ii  conical  internal  cusp  or  /iri'toconf,  which  we 


R.  F.  Osbom — Original  Trituhercular  Theory.      823 

have  every  reason  to  believe  is  homologous  with  the  large 
external  cusp  or  protoeo7iid  in  the  lower  jaw. 

Secondly,  that  the  external  cusps  in  the  superior  molars  are 
depressed  and  comparatively  small,  con^^isting  of  two,  more  or 
less  well-defined  cusps.  Thirdly,  that  this  pal  aeon  tological  evi- 
dence lends  no  support,  either  in  crown  or  fang  structure,  to 
the  evidence  of  embryology  that  the  paracone  (?pa^  or  antero- 
external  cusp)  is  the  oldest  cusp.  Fourthly,  that  it  lends  no 
support  to  tlie  premolar-analogy  theory,  which  was  originally 
suggested  by  Huxley*  in  his  description  of  the  teeth  of  the 
Canidse  in  1880,  which  has  been  supported  by  Scott  and  other 
palseontologists,  and  finally  set  forth  with  fresh  arguments  by 
I)r.  Wortman  ;  this  '  premolar-analogy '  theory  is  to  the  effect 
that  the  key  to  the  past  evolution  of  the  molar  teeth  is  to  be 
found  in  the  subsequent  or  present  evolution  of  the  premolar 
teeth,  and  that  thus  in  many  groups  of  animals  at  least  the  pro- 
tocone  occupies  the  same  position  in  the  upper  molars  as  in 
the  upper  premolars.  Fifthly,  that  all  the  known  Upper  Cre- 
taceous mammals  with  triangular  molai-s  accord  with  the  Upper 
Jurassic  mammals  in  exhibiting  the  antero-internal  cone  as  the 
main  cone.  Finally,  that  no  such  variations  of  structure  are 
observed  in  the  upper  molars  of  the  most  primitive  mammals  as 
would  be  the  case  if  there  had  been  diflferent  modes  of  origin 
of  the  triangular  or  tritubercular  crown. 

In  a  succeeding  article  I  shall  take  up  and  discuss  some  of 
the  other  points  and  theories  raised  in  Dr.  Wortman's  interest- 
ing and  important  papers. 


EXPLANATION  OF  PLATE  XXL 

Figure  1.  —Superior  molars  of  Dryolestea  Mai*8h.     .4.  Series  of  the  left  side, 

external  and  crown  views.     B.  Series  of  the  right  side,  external, 

crown  and  internal  vie>vs.     Yale  Museum. 

pr,  pVy  pr^  main  internal  cusps  believed  to  be  protocones. 

/pay  fnie,  smaller  external  cusps  believed  to  be  para-  and  meta- 

cones. 

c,  c,  c,  external  aqd  internal  cingula. 

t.  o.  /.  infraorbital  foramen. 
FIOURE  2. — Superior  molars  of  Pfralestes  Owen.     Right   side.     External, 

oblique  and  crown  views.     British  Museum. 

mtsy  metastyle.     Other  abbreviations  as  in  fig.  I. 
Figure  8. — Superior  molars    of    Kurtodon   Osbom.      Left   side.      British 

Museum. 

*CoUected  Memoirs,  vol.  iv,  p.  450. 
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I.    Chemistry  .\nd  Physics. 


1 


I.  Gasts  Occluded  or  JCiwloed  bi/  Radium  Jiromide. — Dkwj»b 
Ltiif  Ct'RiK  deaoribc  aonie  experitiK^ntf'  marie  with  U'4'*  of  radium 
)ri>mitie.  The  pure,  drj  salt  was  placefl  in  a  glass  tube  cum- 
iiinnicntiDg  with  a  small  Gcissler  tubu  and  a  mercury  manometer, 
ami  a  very  perfect  vacnum  waa  producad  in  the  apjiaraiUR.  Dur- 
ing three  mouths  gas  was  given  oS  aL  the  rate  of  l"  per  month, 
and  an  examination  of  the  spectrum  by  means  of  the  Gi'iftsler 
tube  showed  only  the  presence  of  hydrogen  and  the  vapor  of 
meKiury,  It  is  ponsible  that  a  minute  [|uantily  of  moittture  was 
inii'odiiced  with  the  salt,  and  that  thin  was  gradually  deuompoBed 
under  the  influence  of  radium. 

The  sample  of  radium  bromide  was  then  taken  to  England  in 
orik'r  Id  make  other  experimentx  with  it,  and  there  it  was  trans- 
fi'rrcd  to  a  vessel  of  fused  (juartz,  where  it  was  heated  lo  fusion  at 
s  rod  heat  after  the  air  had  been  exhauxted  by  means  of  a  mer- 
ciiiy  pump.  The  gases  given  off  in  this  oporatioti  were  passed 
through  three  U-tubes  cooled  with  liipiid  air,  which  retained  thi' 
greater  part  of  the  radium  emanation  and  the  less  volatile  gases. 
The  more  volatile  gases  collected  in  this  way  amounied  to  2'6"; 
they  had  carried  with  them  some  of  the  emanation  and  were 
radio-active  and  luminous.  Uewar  examined  the  speotram  of  tbis 
spontaneous  lij;lil  by  means  of  a  photograjihic  spectroseopt-  willi 
a  quartz  prism  and  an  exjiosure  of  three  days,  with  llw  result 
that  three  bands  belonging  to  nitrogen  were  obtained.  When 
the  gas  W.18  subjected  to  the  electric  discharge  in  a  Geisster  tube, 
the  sfiectroscopic  bands  of  nitrogen  were  also  obtained,  and  upon 
condensing  the  nitrogen  by  exposure  to  the  temperature  of  liquid 
hydrogen  a  high  vacuum  was  produced  in  the  GcisBler  tube,  ami 
the  spark  then  indicated  the  presence  of  nitrogen,  but  nothing 
else. 

The  quartz  tube  containing  the  radium  bromide  which  had 
been  fused  and  thus  freed  from  occluded  gases  was  then  sealed 
while  exhausted,  by  means  of  the  oxyhydrogen  blowpipe,  and 
taken  back  to  I'aris.  Then,  twenty  days  .ifter  it  had  been  sealed, 
Deslandres  illuminated  the  interior  of  the  tube  by  a  Ruhmkorff 
coil  hv  tiio  aid  of  small  coatings  of  tin-fnil  applied  to  the  exterior 
of  thi' ends  of  the  tube,  and  obtaineil  the  complete  sped  rum  of 
helium,  with  no  other  lines,  Iiv  nienns  of  a  pliotographie  spectro- 
scope with  a  quartz  prism.  This  result  :\<irees  with  those  of 
Ramsay  upon  the  pnxluetion  of  hi-Iinm  hy  i-.nlium  salts  dissolved 
in  water,  and  it  is  interesting  in  showing  that  the  presence  of 
water  is  apparently  nnuuci-ssarv  for  this  production  of  helium. — 
Votiipteg  Jifiuhr^,  cxxxviii,  fini.  h.  l.  w". 

■1.  Vrany!  Jioi'bk  ^V(//.v.— 1{i,m„ach,  Briii.KR  and  Grewk  have 
j.repared    a    liirge   nniubL-r  of   these  double  >,nU«,  many   of   which 
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are  new,  and  have  stuciied  their  solubility  in  and  decomposition 
by  water.  It  was  found  that  a  large  number  of  double  chlorides, 
bromides,  and  sulphates  correspond  to  the  type  U0,X,'*2XX', 
while  the  double  nitrates,  chromates,  and  fatty-acid  salts  belong 
to  the  type  UO^X^'-XX',  where  X  sisnitiesan  atom  of  a  univalent 
metal,  and  X'  a  valency  of  a  negative  atom  or  radical.  There 
are  also  exceptional  types,  such  as  ir02X,''4XX'. 

The  stability  of  the  double  salts  with  water  was  found  by  ana- 
lyzing saturated  solutions  of  them  prepared  at  different  tem- 
peratures. When  the  ratios  of  the  constituents  in  solution  did 
not  agree  with  the  composition  of  the  original  compound,  decom- 
position by  water  was  shown.  It  was  found  that  all  the  double 
nitrates  are  thus  decomposed  at  the  lower  temperatures  experi- 
mented with,  while  the  double  chlorides  are  more  stable,  and 
those  containing  alkali-metals  of  higher  atomic  weights  (Rb  and 
Cs),  or  complex  radicals  of  strongly  basic  character,  are  not 
decomposed  at  the  observed  temperatures.  The  alkali-metal 
double  sulph'ates  are  also  stable,  except  when  they  form  salts  of 
the  type  IJ03Xj'*4XX',  which  are  extensively  decomposed  by 
water.  All  of  the  salts  decomposed  by  water  were  found  to 
become  stable  at  higher  temperatures,  usually  at  about  60  or  80°. 
— Berichte^  xxxvii,  461.  h.  l.  \v. 

3.  The  Presence  of  Fartnic  Aldehyde  in  the  Atmospheric  Air, 
— In  the  course  of  researches  upon  the  atmospheric  air,  II.  Henrikt 
has  detected  the  existence  in  it  of  a  gaseous  substance,  other  than 
formic  acid,  possessing  energetic  reducing  action,  and  capable  of 
reducing  Fehling's  solution  and  of  decolorizing  iodide  of  starch. 
In  order  to  study  this  compound  and  to  determine  its  identity,  he 
examined  rain-water  which  came  from  fogs.  The  samples  of 
water,  after  filtration,  were  concentrated  slowly  upon  the  water 
bath  from  a  volume  of  30  or  40'  to  about  200^^  The  samples 
were  neutral  at  first,  but  became  acid  upon  concentration,  and 
deposited  a  certain  quantity  of  calcium  sulphate  which  was 
removed  by  filtration.  The  products  which  were  strongly  col- 
ored, with  an  orange-yellow  tint,  were  subjected  to  simple  distil- 
lation, and  the  distillates  contained  formic  acid  and  a  reducing 
agent  which  distilled  in  the  presence  of  acids  or  alkalies,  and 
gave  the  general  reactions  for  aldehydes  as  well  as  special  reac- 
tions for  formic  aldehyde. 

The  author  concludes  that  formic  aldehyde  exists  in  the  air, 
and  that  this  substance,  which  is  a  powerful  antiseptic,  plays  an 
important  role  in  connection  with  the  purity  of  the  air. —  Comptes 
Rendua^  cxxxviii,  203.  h.  l.  w. 

4.  Jievisiofi  of  the  Atomic  Weight  of  Iron,  —  About  four 
years  ago  Richards  and  Baxter,  by  the  reduction  of  ferric  oxide 
by  hydrogen,  obtained  the  value  55883  (O  =  16*000)  for  the 
atomic  weight  under  consideration.  Baxtkr  has  recently  made 
further  determinations  of  this  atomic  weight  by  comparison  of 
carefully  purified  and  sublimed  ferrous  bromide  with  the  silver 
bromide  produced  by  it,  or,  in  other  cases,  the  silver  required  to 
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react  witli  it.  The  average  reMult,  after  all  torrectiona  had  been 
made,  was  S5-87f>,  a  remarkably  dose  agreement  with  the  result 
of  the  other  method. 

\a  oonnectioD  with  thi«  work  the  effect  of  the  earth's  magnv- 
tiam  upon  the  wei|^ht  of  mngix^tio  substances  hait  been  digcussedi 
and  it  has  been  shown  by  <^x|i(-riment  to  be  entirely  ioappre- 
dable. — Zetltchr.  Anorgan.  Chf.m.,  xxxviii,  232.  u.  l,  w. 

5.  Method  of  iirpamtinff  Iron  and  Alaminium. — A  raethcHl 
for  mnkiTig  thisnnalyiical  ocpamtioii  by  boiling  in  the  presence  of 
an  cxPO»!t  of  Modiiim  thiosulpbatP  has  Ixijn  Kuggemed  by  Chancel, 
hut  it  has  not  bi>on  fonnd  satisfactory.  Lecl^sg  has  raodificl 
the  methoil  by  Hnl  adding  ammoniitm  thiosiilphate  to  the  very 
dilute  sohition  containing  a  elight  excess  of  sulphuric  acid.  Tbi^ 
reduces  ihe  iron  to  the  ferrous  condition.  Then  a  large  excess  of 
ammoniam  formate  is  added,  and  the  alaminium  is  precipitated 
by  boiling,  in  the  state  of  basic  fonoale.  In  dryino;  the  precipi- 
tate it  is  advisable  to  treat  it  with  nitric  acid,  in  order  to  desiroy 
formic  acid  and  prevent  the  presence  of  a  residiie  of  carbon  in 
the  ignited  alumina.  The  iron  nan  \k  precipitated  in  the  HUraie 
as  btulphide. —  C'oniplea  Urntliie,  cxssvlii,  140.  n.  i_  w, 

6.  jp/ioi^i/i'tmicence. — Ai.wb«t  Dahms  give*  an  historical  sum- 
mary of  th<'  results  of  Seeheck  and  of  Bccquerel ;  and  lakes  up 
the  study  of  ihc  phenomena  discovered  by  them  with  the  addi- 
tional aid  of  photography.  A  ntimbcr  of  interesting  photogranbs 
accompany  the  paper  The  various  xubetancea  were  exposed  lo 
the  ligol  of  the  carbons  of  an  electric  arc,  and  the  photographs 
show  carhon  hands  in  the  blue  portion  of  the  spectrum,  and  also 
in  some  cases  bands  in  tlie  e.xtreme  infra-red.  The  author  shows 
that  the  phenomena  are  conditioned  not  only  by  the  relative  veloci- 
ties of  ihe  rays,  but  also  l)y  the  amount  of  energy  contributed  to 
the  phosphorescent  substances  and  also  by  the  inherent  energy 
of  such   substances.— .-!»»/.  der  Phy«ik,  No.  3,  1904,  pp.  425-463. 

J.  T. 

1.  Preliminiiry  Measurements  of  the  iSkort  Wave  Lenfflhg  dis- 
covered by  Schumrmn. — For  the  past  few  years  Dr.  Theodore 
Lyman  has  been  engaged  in  the  Jefferson  Physical  Laboratory  in 
an  attempt  lo  meastui'e  the  short  wave  lengths  discovered  by  Dr. 
Victor  Schumann  ;  but  it  ia  only  recently  that  this  attempt,  has 
proved  Kuccessful. 

Workinir  in  an  aimoHphere  of  hydrogen  with  a  concave  grating 
nilod  upon  speculum  metal,  an  end-on  tube  filled  with  hydrogen 
t  below  the  fllumiiiu] 


sliortcst  wavu  lenjith  so  far  observed  li 

anil  value  1178  Angstrom 

units.     The  limit  of  error  is  two  units. 

It  is  intert-siiiig  lonolu  that,  contrar 

metal  is  able  to  n-lli'ct  those  verv  short 

wave  lengths  to  a  consider- 

able  degree.     This  is  mi-r<-ly  a  prelimim 

iry  notice.    The  author  has 

in  preparation  a  coniplclt-  list  of  ihes 

e  new  wave  lengths  ;  and 

extending  ibe  spectrum 
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lis  purpose  to  publish  a  detailed  account  of  the  investigation  in 
;he  Proceedings  of  the  American  Academy  and  perhaps  elsewhere. 

J.  T. 

8.  Heating  effect  of  the  Radium  Emanation,  —  It  has  been 
(hewn  that  the  radiation  emitted  from  a  radium  compound  in  a 
jtate  of  radio-active  equilibrium  may  be  divided  into  three  parts  : 

(1)  A  non  separable  radiation  consisting  entirely  of  a  rays  ;  and 
constituting  about  25  per  cent  of  the  total  radiation. 

(2)  The  radiation  from  the  emanation  occluded  in  the  radium, 
ilso  consisting  entirely  of  a  rays. 

(8)  The  excited  radiation  produced  in  the  mass  of  the  radium, 
;oD8isting  ol  a,  p^  and  y  rays. 

(2)  and  (8)  together  constitute  about  75  per  cent  of  the  total 
-adiation. 

It  is  found  that  the  emanation  supplies  18  per  cent,  the  non- 
separable  activity  25  per  cent,  and  the  excited  activity  57  per 
3ent  of  the  total  activity  of  radium.  On  heating  or  dissolving  a 
radium  compound  in  an  open  vessel,  the  emanation  is  released  and 
3an  be  entirely  removed  by  a  current  of  air.  The  excited  activ- 
ity, or  emanation  X,  is  non-volatile,  and  being  left  in  ihe  radium 
immediately  begins  to  decay.  Since  fresh  emanation  is  being 
constantly  produced  by  the  radium  and  occluded  in  it,  the  activ- 
ity of  the  radium  after  falling  to  a  minimum  gradually  rises  again, 
Gind  in  the  course  of  a  month  nearly  reaches  its  original  constant 
value.  Interesting  curves  are  given  of  the  energy  of  the  various 
Forms  of  activity  ;  and  calculations  of  the  amount  of  heat  from 
the  emanation.  It  is  computed  that  the  amount  of  heat  liberated 
per  hour  from  1*^^  of  the  emanation  lies  between  1*25X10*  and 
1*26  X 10*  gram-calories.  This  amount  of  heat  would  probably  be 
sufficient  to  raise  to  a  red  heat,  if  not  to  melt  down,  the  glass  tube 
containing  it.  One  pound  weight  of  the  emanation  would  initi- 
ally radiate  energy  at  the  rate  of  10*  to  10* horse-power,  and  while 
the  heating  continued  would  emit  an  amount  of  energy  between 
6X10*  and  6X10*  hort^e  power  days.  According  to  the  author's 
disintegration  hypothesis,  this  energy  is  derived  from  the  energy 
latent  in  the  radium  atoms  and  is  released  in  the  various  stages  of 
their  disintegration.  —  Rutherford  and  Barnes  in  Phil,  Mag.y 
Feb.,  1904,  pp.  202-219.  .t.  t. 

9.  Nature  of  the  Emanations  from  Radium. — Lord  Kelvin 
finds  it  difficult  to  believe  in  the  atomic  disintegration  hypothesis 
of  Rutherford,  and  suggests  that  radium  may  transform  etheric 
vibrations  into  its  peculiar  manifestations  of  energy,  just  as  a 
black  cloth  in  a  test  tube  filled  with  water  shows  an  increase  of 
heat  over  a  similar  receptacle  filled  with  water  and  containing  a 
piece  of  white  oioih,— Phil.  Mag,,  Feb.,  1904,  pp.  220-222. 

J.  T. 
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II.    Geology  and  Natural  History. 

1.  UniteiJ   Stales   Gcohgical  Survey/. — The  foDou-ing  folioi  J 
bave  recently  t>eeti  publishtd ; 

No.  07.  Parker  folio,  South  Dakota;  hv  J.  E.  Topo. 

Xo.  99.  Mitchell  folio,  Suuth  Dakota  ;  by  J.  K.  Todd. 

Ko.  IdU.  Alexandria  Folio,  Souih  Dakota;  by  J.  E.  Todd  mi  ' 
C.  M.  Hall. 

Foar  connecting  folioe  dealing  with  the  Jamen  River  region 
have  tbaa  far  been  [>ii'blitihed  and  they  show  clearly  the  unity  of 
thift  geologic  province.  Sioux  ijuaitsite  (Algonkian)  underlies 
the  region  and  coutttitiiU^s  the  "  bed  rock "  of  the  well  drillers. 
The  Paleozoic,  TrioMiic  and  Jurassic  are  abRcnt,  and  the  CreU- 
oeons  i§  represented  by  the  Colorado  Group  (Benton  and  Nio- 
brara). Kock  outcrops  are  exceedingly  raru  and  the  distribution 
and  characters  of  the  pre-giaciat  formaiinnti  is  determined  in  large 
measure  from  the  numerous  artesian  well  records. 

The  whole  area  U  vractically  a  plain  of  till  diverwfied  bva 
series  of  moraines  left  by  the  retreating  glacial  lobe.  The  till  is 
from  10  to  350  ft  deep  and  appears  to  belong  entirely  to  the 
Wisconsin  epoch.  No  complicated  drainage  modifications  arc 
apparent,  and,  in  fact,  the  area  exhibits  simple  geologic  structure 
in  every  respect.  These  three  folios  together  with  the  Olivet 
(\o.  90),  are  particularly  valuable  for  their  descriptions  of  glaci- 
atioti  and  artesian  water  conditions. 

No.  98.  Tishomingo  folio,  Indian  Territory;  b;  JoasPB  A.  Tavr. 
The  Tishomingo  quadrangle  exhibim  two  typrs  of  topography; 
a  Cretaceous  penephiiii  curnpiisi'd  of  Paleozoic  formations,  and  a 
dissected  plain  uf  Cr<.'t;R-uuiis  Mmia.  In  addition  to  the  Creta- 
ceous, Cambrian,  Silui'lau,  Uevuiiiaii,  and  C;irboniferous  strata 
are  represented.  A  pre-Cambriau  granite  occupies  a  considerable 
area  and  with  it  are  associated  a  quarlz-monzonite  and  numerous 
dikes  of  diabase,  diorite  and  aplite  intruded  at  different  times. 
A  cummendable  feature  of  the  folio  is  the  publication  uf  lists  uf 
fossils  with  each  formation  and  the  attention  given  to  correla- 
tion. The  Arbuckle  uplift,  occupying  the  northern  half  of  the 
quadrangle,  is  composed  of  a  number  of  folds,  constituting  a 
broad  arch.  The  syncllnes  are  faulted  to  an  extraordinary  degree, 
the  main  faults  being  approximately  parallel  with  the  folds. 
"The  folds  are  open  and  ueveroverturned"  ,  .  .  "and  the  fault- 
ing, in  most  ca'ies  at  least,  is  of  the  normal  type  or  drop  faulting." 
Asphaltic  deposits  of  economic  im|)orlanct.-  occur  in  the  Ordu- 
vician  sandstone  and  limestone,  and  to  less  extent  in  the  Carbo- 
niferous limestone  conglomerate. 

2.  fflarUd  Geolo'iy  of  Tuximtmn  ;  bv  J.  Waltbk  Uuegobv. 
Quart,  .lour.  Genl.  S.ic.,'lx,  y7.— The  existence  of  Carboniferous 
glacial  licls  in  Tasmania  has  loni;  been  known,  and  in  1894  E.  J. 
Dunn  furmshe.l  lb.-  lirst  concluMve  evidence  of  Pleistocene  gla- 
cial action,  after  an  e.xaniination  cif  the  summits  of  the  Western 
Ilighlainls.     Prof,  (iregury  noiv  ^lKn^-s  that,  contrary  to  the  view 
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held  b^  most  observers  of  that  region,  there  has  been  widespread 
glaciation  in  Tasmania  down  at  least  to  the  400  ft.  level.  These 
low  level  deposits  are  best  preserved  in  the  valleys  of  the  King, 
the  Linda  and  the  Pieman  Kiver. 

3.  Report  on  a  Geological  Recomioisaance  of  the  Iron  Region 
of  Angaty  Bulacan  ;  by  H.  D.  McCaskky.  62  pp.,  66  pis.  Bull. 
3,  Mining  Bureau  Phillippine  Islands. — A  sketch  of  the  Geology 
of  the  Province  of  Bulacan  shows  many  interesting  features.  The 
rocks  described  are  pre-Tertiary  crystallines  (diorites  ?),  modern 
voleanics,  Tertiary  or  early  Quaternary  sedimentary  rocks,  tuff 
deposits,  alluvium.  One  fossil  found  is  of  early  Mesozoic  or  late 
Paleozoic  age.  The  photographs,  tables  of  analyses  and  maps 
are  valuable  additions  to  the  text. 

4.  Mineral  Tables  for  the  Deterinlnation  of  Minerals  hy  their 
Physical  Properties ;  by  Arthur  S.  Eakle.  Pp.  73.  New 
York,  1904  (John  Wiley  <fe  Sons). — Mineral  tables,  based  upon 
physical  properties,  have  the  advantage  as  compared  with  those 
which  are  strictly  chemical,  that  they  call  the  attention  of  the 
student  to  the  visible  characters  of  the  specimens  he  is  handling, 
and  hence  tend  to  increase  his  knowledge  of  them.  The  Weis- 
bach  tables  have  been  long  and  favorably  known,  but  this  vol- 
ume now  issued  differs  from  them,  in  that  the  fundamental  basis 
of  classification  is  that  of  color.  The  arrangement  is  based, 
first,  on  the  color  of  the  fine  powder,  the  streaky  and  second 
upon  the  color  of  the  mass.  The  individual  species,  with  their 
other  characters  given  in  tabular  form,  are  arranged  by  their 
specific  gravities.  The  tables  have  evidently  been  carefully  pre- 
pared, and  under  the  guidance  of  a  good  teacher  should  give 
excellent  results. 

6.  Meteorite  Catalogues.  —  The  catalogue  of  the  Collection  of 
Meteorites  of  the  Field  Columbian  Museum  in  Chicago,  compiled 
by  Dr,  O.  C.  Farrington,  has  recently  been  issued.  It  shows  that 
the  collection  has  grown  from  the  179  falls  in  July  15,  1895,  to 
251  falls  in  May  1,  190:^  and  the  total  weight  from  2,099  to  2,289 
kilograms.  The  collection  has  large  masses  of  the  following  : 
Brenham  445  kgs.,  Canvon  Diablo  690  kgs.,  Long  Island  528  kgs., 
Tolnca  177  kgs. 

A  catalogue  of  the  collection  of  the  Berlin  University,  by  Prof. 
C.  Klein,  has  also  appeared.  This  collection  is  now  one  of  the  larg- 
est in  the  world  in  number  of  falls,  the  total  number  amounting 
to  450.  The  latest  estimate  (quoted  by  Klein)  for  the  Vienna 
collection  gives  560  localities  in  1903,  for  London  476  in  1896,  for 
Paris  466  in  1898.  In  addition  to  the  classified  list  of  meteorites, 
this  catalogue  also  contains  more  or  less  detailed  descriptions  of  sev- 
eral meteorites.  A  point  of  unusual  interest  is  the  identification 
of  the  mineral  leucite  which  is  present  in  minute  trapezohedrons 
in  the  Schafstadt  meteorite  (1861)  with  anorthite,  augite,  etc. ;  it 
18  probably  also  present  in  the  Pawlowka  (1882)  meteorite. 

6.  The  .Fauna  and  Geography  of  the  Maldivc  and  Laccadive 
Archipelagoes ;  edited  by  J.  Stanley  Gardiner.     Vol.  II,  Part 
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n,  pp.  660-608,  H-ilh  text  figures  and  I  £  pU.  (See  this  Jonrnal, 
xiii.  391  ;  xiv,  74  ;  xv,  240,  4S8  ;  xvi,  400.)— Mr.  E,  A.  Smitli, 
in  iiis  report  on  tlie  "  Marine  Mollusca  "  of  lUe  cxpeditioD,  men- 
tions tbat  this  collection  is  of  special  interest,  as  Dciog  the  first 
of  any  importance  over  studiet),  from  this  region.  Among  the 
880  species  fonud,  probably  all  of  the  more  conspicuous  forms 
which  actually  occur  there  are  represented,  only  the  more  obscure 
or  smaller  ones  having  been  overlooked.  Although  the  fauna  'a 
similar  to  that  of  the  islands  of  the  Indian  Ocean,  it  is  curious 
that  tlie  larger  proportion  of  the  species  have  been  previouBly 
uoted  from  the  China  Seas  eastward  and  in  the  Pacific.  Many 
common  widely  distributed  xpeeics  are  repre.ieuted,  although  cer- 
tain genera  which  occur  in  the  surrounding  Neas  do  not  appear. 
About  three-iiuarteiv  of  the  apeciea  are  known  to  exist  in  tlit 
seas  surrounding  the  Philippine  Islands  and  Malay  Arcbipelaga 
and  farther  north;  about  one-quarter  dre  similar  to  those  from 
Japan.  Twenty.two  species  are  described  as  new,  moat  of  which 
arc  well  figured. 

Mr.  R.  A.  I'unnett  reports  the  collection  of  "  Enteropneusta," 
in  numbers  and  variety  of  forms,  to  be  the  most  extensive  ever 
made.  Seven  species  and  one  genus  ( ITiUtii/M)  are  described  at 
new  and  the  genus  Ptychodtra  is  for  tlie  first  time  thoroughly 
studied. 

Mr.  L.  A.  Borradaile  continues  his  extensive  studies  of  the 
"  Marine  Crustaceans  ;"  his  report  on  the  "The  Spider-crabs  ( Oxy- 
rhynclia)"  being  his  tenth  contribution.  Of  the  twenty-nine 
species  recorded,  three  are  described  as  new,  "The  Classifica- 
tion and  (ieneaiogy  of  the  Reptant  Decapods  "  is  also  given. 

K.  J.  n. 

r.  X<,rlh  American  Fauna,  No.  23,  Index  Generum  Mamma- 
Hum:  A  list  of  the  genera  and  Families  of  Mammals  by  T.  S. 
Palmer,  As-sistant  Biological  Survey.  Prepared  under  tbe  direc- 
tion of  Dv.  C.  Hart  Merriam,  Chief  of  Division  of  Biological 
Survey,  Pp.  984.  Washington,  1904.— Of  the  three  parts  of 
which  this  comprehensive  worlt  consists,  part  1  (pp.  7-7 1 8),  giv- 
ing an  annotated  list  of  the  generic  names  of  mammals,  wa« 
begun  in  18S4  by  Dr.  Merriam  and  completed  by  Dr.  Palmer. 
Parts  2  and  3  have  been  prepared  by  Dr.  Palmer  alone  ;  they 
give  (2)  an  alphabetical  list  of  families  of  mammals  (pp.  719-776) 
and  (;5)  a  classified  list  of  the  generic  names  arranged  bv  orders 
and  families  (pp.  777-984). 

HI.      Ml.SCEl,T.ASEOUS   ycTKNTIFlC   INTELLIGENCE. 

1.  ChriKliiiu  l-ait/i  in  iiii  Ai/c  of  Sciciwe ;  hv  William  Nobtu 
lii.E.  Pp.  4'J-,,  New  York,  ittos  (A.  C.  Armstrong  A  Son).— The 
(lUfslioii  to  wliii'h  ii\i  answer  is  offered  in  tins  most  interestiiii! 
v.)lnrno  is,  "(Jan  llu-  faith  wlii(:li  first  brcaihcd  in  the  unscienlilic 
:ittiiosi>ln.oc  of  ilif  first  coiihny  siirviw  in  the  scientific  atinos- 
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The  great  value  of  the  book  lies  in  the  fact  that  the  author 
combines  in  his  own  personality  the  highest  training,  knowledge 
and  practical  comprehension  of  modern  science  with  a  profound 
and  reverent  Christian  faith. 

In  the  first  part  a  general  survey  of  the  progress  of  human 
knowledge  is  presented,  precise  and  exact  in  its  criticism.  It  is 
shown  how  step  by  step  the  crude  fancies  of  a  timid,  ignorant 
and  superstitious  people  have  been  replaced  by  the  exact  and 
demonstrated  facts  and  laws  of  science: — aflat  world,  with  the 
mountain  pillars  supporting  the  roof  of  heaven,  has  become  a 
globe  whirling  free  in  space  ;  geocentric  astronomy,  the  seven  days 
of  creation,  miracles,  spontaneous  generation  and  a  carpenter  idea 
of,  and  an  interfering  God,  have  become  the  heliocentric  solar  sys- 
tem, the  illimitable  si)ace8  of  the  universe,  the  millions  of  years 
of  geologic  time,  the  orderly  evohition  of  worlds,  of  the  structure 
of  the  earth  and  of  organisms,  the  conservation  of  energy  and  the 
unerring  sequence  of  cause  and  effect.  These  advances  of  knowl- 
edge have  seemed  to  take  away  the  very  foundation  upon  which 
the  old  systems  of  theology  rest. 

In  the  second  part,  with  the  same  calm,  scientific  method,  the 
author  shows  how  religious  ideas  have  become  clarified  and  their 
essential  truths  brought  out  more  distinctly,  as  the  world  has 
advanced.  We  find  in  his  terse,  but  sufiiciently  full,  portrayal 
of  the  modern  conceptions  of  the  personality  of  man  and  of  God, 
the  scientific  conception  of  providence,  of  prayer  and  the  nature 
and  meaning  of  the  bible,  an  admirable  and  sufficient  answer  to 
his  original  question. 

The  conclusion  reached  is  that,  although,  as  in  science  *'cer- 
taintv  in  natural  science  is  demonstrated  to  be  absolutelv  unat- 
tainable;"  so  "no  claim  of  certainty  can  be  maintained  in  regard 
to  Christianity  as  a  system  or  in  regard  to  any  particular  doctrine 
of  ChrivStianity."  Nevertheless,  it  is  a  fact,  that,  "  The  generation 
in  which  we  live — the  generation  which  has  accepted  the  doctrines 
of  modern  science — is  more  strongly  influenced  by  the  teachings 
of  Christianity  than  any  previous  generation,  and  multitudes  of 
men  and  women  find  that  the  acceptance  of  scientific  teachings  in 
no  wise  disturbs  their  personal  religious  life,"  and  "  our  partial 
knowledge  justifies  the  pro})hetic  hope  that  no  scientific  discovery 
will  contradict  the  essence  of  Christianity,  and  that  the  end  of  all 
questioning  will  be  the  reestablishment  of  faith."'  n.  s.  w. 

2.  JSeitrdge  zur  c/iemlsc/ien  Phjsiologie  ;  herausgegel)en  von 
F.  HoFMEiSTER.  IV.  Band,  9-12  ;  Braunschweig,  lOUJi  (Vieweg 
u.  Sohn). — The  closing  parts  of  this  volume  contain  a  number  of 
important  papers  among  the  fifteen  contributions.  These  include 
extensive  studies  on  the  occurrence  of  albumoses  in  the  blood, 
by  O.  Schumm ;  two  papers  on  glycolytic  ferments ;  an  elaborate 
investigation  of  the  antecedents  of  the  fibrin  ferment,  by  Mora- 
witz  ;  and  several*  contributions  pertaining  to  the  chemistry  of 
the  proteids.  The  possibility  of  transforming  albumins  into 
globulins  is  emphasized  in  detail  by  L.  Moll ;  and  Embden  and 
V.  FUrth  have  demonstrated  that  the  rapid  disappearance  of  typ- 
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ioal  effects  after  Biiprarenin  (adrenalin)  injections  is  not  due  I" 
any  ni|ii(t  oxidation  of  this  coriipoiiD']  in  the  body,  but  ratlier  lo 
its  gruilual  dilution  by  diffusion  and  distribution  in  the  organiaoi. 

L.  B.  u. 

3.  Attronomicnl  Obsm'vatoiy  of  Hamarii  College,  Edward  C, 
Pickering,  Director. — Reoent  publioatioos  are  the  following: 

Annals,  Vol.  XLIII,  part  iit.  Ub^^ervations  and  Investigations 
made  at  tbe  Blue  Hill  Metoorologlcai  Observatory  in  the  years 
19U1,  lUoa,  under  the  direction  of  A.  Lawrence 'Botch  :  with 
appendioea  containing  a  di§cii8sion  of  the  efTeol  of  meteoroloiiicai 
oouditioija  upon  audibility ;  at»io  the  obiiervationN  with  kite.'<, 
1H9T-1H03,  and  a  di^Hcripliou  of  the  kitea  and  inatruTuents.  P|i. 
115-280,  wilh  fonr  plaLen. 

Annals,  Vol.  Xl.VIII,  No.  ix.  Geographical  Position  of  the 
An-qiiipa  Station,  by  Winslow  Upliin,  pp.  a31-2(3. 

Circnliir,  No,  74.  Variable  Stars  of  long  Poriod,  pp.  10.  No, 
76,  Variability  of  Iris  (7). 

i.  Puhiic'Uionit  of  the  United  States  Naval  Obnervatorj/,  liear- 
Admiral  Colby  M.  Chester,  U,  8.  N.,  Superintendent.  Second 
Seriea,  Volnme  V.  Mfieorofoj/icat  0/>»f.rv(ttion«  and  Jtfgulu, 
189S-J903.  Pp.  X,  <4a,  4to,  Washington,  1003.— This  volnme 
contains  the  usual  meteorological  observations,  given  in  tabular 
form,  of  barometrio  pressure,  lemperalnre,  wind  direction  ami 
velocity,  etc.,  taken  at  the  Naval  Observatory,  Georgetown 
Heights,  diirint;  tlie  dcnade  from  ISO.!  to  1002, 

5.  Where  did  Zt/e  Btigin?  by  G.  Hilton  SoRinnrKit.  75  pr. 
New  York,  1003.  fCharfes  Scribm-rs'  Sons.)— In  1883  Mr.  Srnh- 
ner  published  a  monogi'apb  advocating  the  theory  that  living 
forms  orijiinated  within  the  circumpolar  area.  This  book  is  now 
republished,  and  it  is  worthy  of  note  that  the  "  Scribnerian  theorv 
of  the  Place  of  the  Origin  of  Life"  is  in  accord  with  the  conclu- 
sions reached  by  Dr.  .1.  L.  Worlman  from  a  study  of  vertebrate 
fossils  and  by  Dr.  Wieland  from  a  study  of  fossil  plants  (this 
Journal,  \v,  419;  \vi,  401). 

tj.  Field  Col'iiiibitm  Mnaeuui.  —  Among  the  recent  publica- 
tions is  to  be  mentioned  Vol.  IV  of  the  Anthropological  Series 
by  George  A.  Dorscy  (pp.  sii,  228,  with  130  plates),  giving  a 
minute  and  fully  illustrated  description  of  the  famous  Arapalio 
Sun  Dance.  Other  publications  are  the  following  :  On  the  Oste- 
ology of  Nj/i:toiiaiirii8  (Nyctndactylus)  with  notes  on  American 
Pterosaurs  bv  S.  W.  Williston.  Structure  and  Relationship  of 
Opislhocielian  Dinosaurs,  Part  1,  Afxilimannis  yXarmh;  by  E.  S, 
Riggs.  Catalogue  of  iUeleiirites  by  O.  C  Farrington,  mentioned 
on  p.  320. 

7.  JiurmH  "f  A  riierhan  Ethiolom/ :  Tirenileth  An?i>ial  Report 
to  thn  Secret-<vi/  of  the  SuntliMini'in  Tn.ititution,  1808-99;  by 
.1.  W.  PowKM.,  Director.  W^isliingtori,  101)3.— This  volumecoi'i- 
lains  thereportof  the  Direct iir  (]>p.  t-i'f.wiv)  afid  also  an  interest- 
ing paper  liy  W.  II,  Ilolnics  (pp.  1--J37)  giving  a  description  "f 
the  abori-jinnl  pottery  of  the  eastern  I' nitcd  States,  illustrated  by 
a.  hundred  and  seventy-seven  plate.-  and  seventy-nine  test  figures. 
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Art.  XXX. —  Recent  Changes  in  the  Elevation  of  Land  and 
Sea  in  the    Vicinity  of  New   York  City;  by  George  W. 

TUTTLE. 

The  late  Professur  Georoje  II.  Cook,  long  identified  with  the 
Geological  Survey  of  Xew  Jersey,  read  an  important  paper  at 
the  Montreal  meeting  of  the  American  Association  for  the 
Advancement  of  Science,  August  18th,  1857,  "On  the  sub- 
sidence of  the  land  on  the  seacoast  of  New  Jersey  and  Long 
Island,"*  in  which  he  stated  that  "'an  attentive  examination  of 
these  facts  has  led  me  to  the  conclusion  that  a  gradual  sub- 
sidence of  the  land  is  now  in  progress  throughout  the  whole 
length  of  New  Jersey  and  Long  Island,  and  from  information 
derived  from  others  I  am  inclined  to  think  that  this  subsidence 
may  extend  along  a  considerable  portion  of  the  Atlantic  coast 
of  the  United  States.^' 

The  evidence  on  which  Professor  Cook  based  this  conclusion 
was  mainly  of  a  geologic  nature,  and  consisted  of,  1st,  sub- 
merged forests  and  buried  timber  found  in  the  marshes  and 
along  the  coast  below  tide  level ;  2(1,  luimerous  Indian  shell 
heaps  which  ha\e  been  found  below  tide  level;  3d,  the  exten- 
sion of  the  marsh  on  the  upland,  verified  by  many  old  residents, 
and  by  the  dying  out  of  cedar  trees  on  the  margin ;  4th,  less 
fall  of  water  at  any  stage  of  the  tide  available  to  oj)erate  the 
waterwheels  of  mills  on  tidal  streams  near  the  sea. 

It  wa8  the  opinion  of  a  number  of  mill  opemtors,  that  within 
their  memory  the  loss  of  head  available  to  operate  their  wdieels 
was  of  such  an  amount  as  would  denote  the  sinking  of  the  land 
at  tlie  rate  of  two  feet  per  century.  Besides,  sluices  in  banks 
protecting  meadow  land,  built  about  150  years  ago,  were  found 
three  feet  below  tide  level  and  useless  for  their  intended  pur- 
pose. 

Professor  Cook's  estimate  of  the  amount  of  subsidence  of  the 

♦This  Journal,  2d  Series,  xxiv,  1857,  p.  841. 
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land,  whicli  has  been  quoted  by  rnftiiv  aiithoritiee,  rests  on  the 
above  ev-jdenne,  nnii  is  manifestly  open  to  doubt  and  uncer- 
tainty, ftB  he  recogniaed  when  be  wrote  in  bis  1885  report,  that 
"wc!  lintl  conclusive  evidence  of  a  gcnerAl  subhjdenee  of  the 
ooaet,  or  rise  of  water  level  to  mi  extent  of  from  ten  to  twent\- 
feet  within  a  short  period  of  geoloipc  time,  bnt  at  a  i-ate  whicli 
la  not  quite  definitely  estahliflbed."  Professor  Cook  furtlier- 
more  stitted  in  hie  report  of  the  Geology  of  New  Jersey  in 
18fl8,  that  "this  inovuinent  is  one  of  a  sericB  which  has  occurred 
on  our  coast  by  which  the  line  of  water  level  has  been  alter- 
nately elevated  and  depressed,  the  whole  range  being  confined 
within  twenty  feel." 

Otbera  liavo  since  frequently  expressed  the  game  idea^,  but 
AS  they  probably  made  use  to  a  large  extent  of  Professor  ( 'ook's 
opinioiiH  and  evidence,  it  will  be  needless  to  quote  them. 

The  self-registering  tide  gauge  !iad  only  recently  been  made 
UBO  of  when  Professor  Coot  read  his  paper,  and  tidal  obBerva- 
tions  conld  not  be  obtained  to  determine  the  rate  of  snbAidenoe, 
bnt  since  that  date  long  series  of  tidal  observations  have  become 
available,  and  it  is  propoaed  to  develop  in  this  paper  what  such 
observations  in  New  York  Harbor  can  tell  as  to  the  relative 
changes  in  the  elevation  of  earth  and  sea  in  the  vicinity. 

The  tidal  observations  at  New  York,  wbicb  are  of  imiKtr- 
tanct),  ittart,  from  the  year  1853,  when  a  self-registering  tide 
gauge  was  put  in  operation  by  the  Const  Survey  at  Governor's 
Island,  and  iiiaintairifl  ii]i  to  and  iiicliiding  (be  year  IfiTS,  wiieii 
the  series  teniiimited.  AVe  alr.o  Imvc  the  rwords  of  a  self-retris- 
teriug  gauge  maintained  bv  the  Coast  and  Geodetic  Survev  (lur- 
ing llio  years  1S76-99,  at"  Handy  Hook,  N.  J.,  records  of  self- 
registeiiiig  gauges  of  the  Department  of  Dot^ks  and  Fcrrie*  fi-oiD 
188y-10()3,'at  Pier  A,  West  57tb  St.,  and  from  189-1-1903  at 
East  2+tb  St.,  in  New  York  City,  besides  the  record  from  a 
self-i-egistering  tide  gauge  of  the  Coa.st  and  Geodetic  Survev  at 
Fort  llaniilton,  for  the  years  1893-ll)U2.* 

The  observations  at  Governor's  Island  were  all  referred  lo 
B.  M.,t  which  was  established  about  the  year  1853  by  the 
Coast  Survey  and  is  still  in  e\istence.  I^evels  were  run  from 
this  lieneli  mark  to  other  benches,  in  1875  and  ^ain  in  IS'^tl. 
Tiio  differences  found  at  those  times  were  checked  lu  1S9S 
and  1  yOd  ,iiid  found  correct,  so  that  we  may  be  confident  that 
since  1875  H.  M.,  has  not  settled  or  lieen  otherwise  disturbed. 

The  datum  plane  used  in  this   paper   is  mean  low  water— 

•Tbfi  writer  is  hulebtr.l  to  tlie  U.  S.  C.wst  nnd  Geudetic  Survev  ao.J  to  the 

Deimrtment  .lE  Vwka  bikI  Ferrii'H,  Nf  w  Yurk  City,  for  H<\al  duU  not  bitherto 

jmhliHlied. 

f  For  rlesLTiptiou  s..,.  V.  iind  G.  S 
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M.  L.  W. — at  the  Battery  as  used  by  tlie  Department  of  Docks 
and  Ferries  which  is  known  as  Battery  datnm,  and  is  2*186 
feet  below  the  datum  plane  of  the  Coast  and  Geodetic  Survey 
in  their  levelling  operations  in  the  vicinity  of  New  York  City.* 

The  elevation  of  B.  M.^  from  the  above  Coast  and  Geodetic 
Survey  levels  is  14*203  feet,  and  from  ordinary  levels  run 
directly  from  the  Battery  to  Governor's  Island  the  elevation 
14*160  was  obtained.  We  shall  adopt  the  former  value  in  the 
succeeding  work. 

The  following  is  the  record  of  the  observations  at  Governor's 
Island  for  each  year. 


Half  tide  level 

Half  tide  level 

Year. 

above  zero  of  staff. 

above  Battery  datum. 

1846 

8-32  ft. 



1847 

10-31 

*  «  «  * 

1848 

13-12 

•  *  *  w 

1849 

12-92 

•  *  «.  A 

1850 

14-16 

m      ^      ^     ^ 

1851 

12-20 

.      «       «     « 

1852 

10-51 



1853 

5-30 

1-920  ft.  ^ 

1854 

5-07 

1-690 

1855 

5-32 

1-940 

1856 

7-507 

1-778 

1857 

7-640 

1-911 

1858 

7591 

1-862 

1850 

7-616 

1-887 

1860 

7-575 

1-846 

^  Prol 

4"%  l^vvr  4 

1861 

6-580 

1-921 

1862 

6-494 

1-835 

ciev! 

1863 

6-498 

1-839 

1864 

6-570 

1-911      * 

1865 

6-476 

1-817 

1866 

6-468 

1-809 

1867 

6-615 

1-956 

1868 

6-557 

1-898 

1869 

6-435 

1-776 

1870 

4-620 

1-961 

1871 

4-472 

1-813 

1872 

4-468 

1-809 

1873 

4-516 

1-857 

1874 

4-358 

1-699 

1875 

4-40 

1-741 

1876 

4-46 

1-801 

1877 

4-56 

1-901 

1878 

4-68 

2-021 

1879 

4*64 

1-981 

*  See  appendix  14,  Report  of  Coast  and  Qeodetio  Survey,  1887. 
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Tlie  above  series  of  tidal 'jl)BervRtioii8  from  1 870-79  were  care- 
fully examiued  for  use  iu  rleterminiiig  tLe  meau  sea  level— 
M.  S.  L. — in  New  York  harbor*  and  tbese  valiioe  resulted: 


Sli^toi  wa  level  above 

HeoD  am  level  aborn 

Tesr. 

zero  of  Btnff. 

Battery  datnin. 

18711 

4  692  ft. 

3-033  ft. 

levi 

4-5*5 

I-K86 

187a 

4-53a 

1-874 

1873 

4-6ia 

1  -nsa 

1874 

4-4111 

1-751 

1875 

4-605 

I-S46 

187ti 

4-540 

1-881 

1^77 

4-(i30 

1-971 

1878 

4-781 

'2-09-' 

1879 

4-688 

2-029 

The  zero  (if  the  tide  staff  at  Governor's  Island  was  found  hv 
levelling  t^  be  1«-S9fl  ft.  below  R.  M.,  iu  1S71-2  and  16-82ti  in 
1R75.  Consequently  the  mean  of  these  two  values,  16'86i  ft., 
has  been  adopted  as  tbe  correct  value  for  the  series  of  observa- 
tions 187il-7y. 

TLe  elevations  of  half  tide  levtilf— H.  T.  L.— from  18.53  to 
1869  are  subject  to  considerable  uncertainty  owine  to  ohangt- 
in  the  elevation  of  th«  aero  of  the  tide  staff,  of  which  no  record 
appears  to  have  been  made.  8neh  changes  iinmt  have  taken 
place  in  18.56,  ISfil.  and  1870.  In  1R.53  t7ie  zero  of  the  lido 
staff  was  recorded  aa  17-00  ft.  below  \i.  M.,,  but  this  location 
does  in>t  harmonize  with  the  succeeding  observations  and  there 
is  inncli  evidence  to  contradict  it. 

We  determine  the  probable  elevations  of  H,  T.  L.  at  Gov. 
ernor'e  Island  for  the  years  l8*il-69.  bv  making  tbe  average 
H.  T.  L.  for  the  four  years  18li«,  'fi7,  '68,  and  '«1>  have  the  same 
elevation  as  the  average  for  the  four  years  1S70,  '71,  'IU,  ami 
'73 :  tiie  elevation^;  of  H.  T.  L.  for  tbe  yeai-s  ISAfi-fiO  are  fixed  hy 
giving  the  average  of  the  observations  for  1857,  '38,  '59,  and  'fin, 
the  same  elevation  a.s  tlioseof  1861,  'fia, '63,  and '64;  and  finally 
we  make  tbe  average  H.  T.  L.  for  the  three  years  1853-55  the 
same  as  the  avei-age  of  the  tliree  yuiU-s  1856-58.  Very  nearly 
the  sfimc  vnUics  arc  nrrivcd  at  if  wc  start  with  the  elevatiini 
U-51  ft.  ..f  v..  A!.,  nhov.'  M.  I.,  \V.  yivcn  in  the  Coast  Survcv 
Report  for  1S5:}.  Wcalso  ol.^urve  tliiif  flic  series  of  IS61-lSil',i 
showr!  1111  teiidciu'v  toward  in(-i-c;ist'(!  clcvjitioii  witii  the  tiinc. 
and  fnr  tlint  jciisoii  tiicy  seem  lo  ennfinii  onr  locution  of  tlie 

The>c  eleviitiuns  are  still  fiirllier  shown  to  be  the  most  pruli- 
ahle  miei-.  tVnm   tlie  fuet  tliiit  in  lS7lf  tlie  elevation   of  I!.  M,, 

•(.■o.,sl  ini.l  li Mu-  Siirv-v  Hi']i.>rt  f.>r  189!t,  v-  404- 

t  Wlii.'li  iy  the  iiv.t;h;.-  ..f  Iiicli  jiiiil  Inn-  tides. 
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was  given  as  14*6  ft.  above  M.  L.  W.  "from  the  observations  of 
1853  verified  in  1873";  and  tliat  the  observations  of  11.  T.  L.  at 
Boston  from  1853-5  and  1870-3  have  substantially  the  same 
relative  elevations  and  yearly  fluctuations. 

From  October  2d  to  30th,  1880,  a  series  of  comparative  tidal 
observations  were  carried  out  at  (Governor's  Island  and  Sandy 
Hook,  and  tlie  resulting  M.  S.  L.  corrected  for  annual  inequality 
above  zero  of  staff  at  (xovernor's  Island  was  4*200  ft,  with  zero 
of  staff  at  that  time  ir»-43  ft.  below  15.  M.„  making  M.  S.  L.  1*973 
ft.  above  Battery  datum. 

We  next  have  the  tidal  observations  at  Sandy  Hook,  which 
are  as  follows : 

Equivalent  H.  T.  L.  at 

Governor's  Island 
above  Battery  datam. 


Year. 

1870 
1S77 
1878 
1879 
1880 
1881 

1882 
1883 
1884 
1885 
1886 

1887 
1888 
1889 
1890 
1891 
1892 


M.  S.  L.  and  H.  T  L. 
above  Sandy  Hook 
datum. 
6-74    "^ 
0-90 
^•06 


<  UD  .  M.  S.  L.  from  hourly 

6-87  f  heights 

tJ'84  I 

0-89  J 

6-90   \  H.  T.  L.  from  high 
7*02        and  low  waters 
(7*17)  )-  (vahies  in  parenthe- 
(6*82)  I   sis  panly  estimated) 
(6-90)  J 

6-91 
7-00 
71.T 


^ 


7-05 
7-09 
705 


> 


M.  S.  L  from  hourly 
heights 


1-774 
1-934 
2-094 
1-904 
1-874 
1-924 

1-934 
2-054 
2  204 
1-854 
1-934 

1-944 
2-034 
2-164 
2-084 
2-124 
2-084 


The  observations  made  at  Sandy  I  look  were  referred  to  a 
plane  17*r>3  below  H.  .\r.  T.,*  and  are  rednt-ed  to  Battery  datum 
bv  means  of  the  simultaneous  observations  for  the  four  years 
1 876-1 S79  at  GovernorV  Island  and  Sandy  Hook. 

While  spirit  levels  have  been  taken  between  Sandy  Hook  and 
(governor's  Island,  yet,  owin^  to  the  considerable  distance  of 
the  run,  they  are  pr<)l)ably  in  error  more  than  levels  derived 
from  the  simultaneous  tidal  observations. 

The  levels  derived  froiri  the  four  years  of  tidal  observa- 
tions  agree  almost  precisely  with  the  levels  obtained  from  the 
simultaneous  tidal  observations  in  October,  lS8f>,  and  are  more 
suitable  to  reduce  the  Sandy  Hook  observations  to  simultaneous 
ones  at  Governor's  Island  than  the  spirit  levels.  From  the 
spirit  levels  of  1887  as  revised  in  1899,  the  elevation  of  B.  M. 


*  Described  in  C.  and  G.  S.  Report  for  1887,  appendix  14. 

1899,  page  472. 
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Goveruor's  Maud,  above  B.  M.  T.  Sandy  Hook  was  ISfil  ft., 
while  from  the  simultaneous  tidal  oiiEcrvntions  of  Octoljer, 
1886,  the  difference  was  1-468  ft.,  and  from  the  tidal  oliservatioiw 
of  1876-9, 1-472  ft.  This  latter  ditT«rerice  haii  hecii  adopted  in 
tiie  reduction. 

The  observations  at  Saiidv  Hook  have  to  be  reduced  to  tlic 
equivalent  vahiee  of  half  tide  level  at  Governor's  Island,  which 
for  the  ten  years  1870-79  was  -0(17  ft.  lower  than  mean  nea  level, 
and  consequently  the  elevationa  have  been  corrected  by  this 
amount  in  the  column  "Kauivaloiit  H.  T.  L.  at  Governor's 
Island  above  Battery  dutuni.^ 

Tlie  tidal  records  at  Governor's  Island  from  18(i>-79aro  par- 
ticnlarly  important  in  lliis  in  ventilation,  and  while  the  obeerva- 
tiona  appear  to  he  satisfactory,  the  frequent  change  of  staffs 
make  it  dt«imbtc  to  have  an  independent  check  on  their  accu- 
racy which  wc  !mvc  in  the  observations  at  Sandy  Hook  in 
1876-73,  taken  in  connection  with  the  levels  obtained  from  the 
siraultanooue  tidal  observations  in  October,  1886. 

Wb  next  have  a  seric*  of  tidal  observations  at  Fort  Hamilton, 
N.  Y.,  from  18»3-t902,  as  follows: 


H.  T.  L.  above 

H,  T,  L.  aljove 

Ytx. 

MW  of  »taft. 

BftU*ry  datum. 

1898 

5-816  ft. 

2-Oe7  ft. 

IB04 

5-WS5 

2-137 

1895 

5-'785 

2-037 

1896 

5'R75 

2-127 

180: 

5-945 

2-197 

1808 

5-960 

2-212 

1899 

5-955 

2-207 

1900 

.-.-820 

2-072 

IBOl 

6-030 

2-282 

1902 

6 -Of  5 

2-337 

The  zero  of  tJie  gauf^e  at  Fort  Ilaniilton  was  42-194  ft.  helow 
B.  M.  L.  (destroyed  in  1901),  and  17-951  ft.  below  B.  M., 
at  Governor's  Island,  aceordiuf*  to  the  Coast  and  Geodetic 
Survey  levels  of  1S.S7.  Two  inilcpeiulent  determinations  of 
tluK  dlffcreticc  in  elevntion  have  since  l>cen  made,  one  in  189S 
of  17-971  ft.,  and  in  UKKl  of  l.-i-oi'.i  ft.  The  1887  value  iia-^ 
been  adopted,  however,  in  the  r-ednetion  of  the  etaff  read- 
ings ti)  Batterv  datum. 

Besides  the'  aljove  oliscrvatioTi.s  of  the  Toast  and  Geodetic 
Survey,  wc  Jiave  the  foliowiui.'  tidnl  rei-onU  of  tlie  Department 
of  Docks  and  t'errie;-,  all  refened  tn  Jialtcry  datum. 
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Dia^mm  shotv/nf-  ^  year/v  avefvaes  of  Ha/f  T/'e/e 
Leye/  isf  New  York  City  a/Ji/  the  corresooneZ/ns  y^^{y 
a^ra^es  of  fhe  principal  meteorofo^icaf  phenornffna 

A i      i       I       i      i      i       i      I      j  I 
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Half  til 

ie  UvbI  nboTe  Bjittery  ilMnm. 

Pi»r  A. 

West  .ITth  8t. 

EMt  a4th  St. 

ies9 

a  a  73  ft. 

2-079  ft. 

16U0 

2  083 

1'990 

1S91 

2-012 

2-082 

1892 

1-910 

1-902 

1803 

■2-232 

2-07S 

189* 

213a 

3075 

2-184  ft. 

less 

2-205 

2-018 

2-067 

1896 

2-314 

2  008 

2-l)5:t 

1897 

3-359 

2-21-2 

2-17» 

1898 

2-358 

2-27(1 

!i-301 

1899 

a -2  30 

2-246 

2127 

1900 

2-2fi0 

2-127 

2-012 

1901 

2-514 

2-481 

2-274 

1902 

2-4(10 

2-492 

2-381 

1003 

2-;H3 

a-433 

2-205  . 

i^litca 


Tho  yearly  averages  of  half  tide  level  at  New  York  w] 
Lave  been  given,  are  iilotted  in  the  diagraiti  on  page  339. 
Tiiey  kIiow  a  continual  oscillation,  having  an  aiuplitnde  of 
nearly  0'3  ft.,  about  an  average  value  which  siuce  1875  has 
uniformly  iucrcaeed.  These  oscillations  wliou  considered  in 
relation  to  the  accompanying  metuorologicftl  phenomena,  aW 
represented  in  the  diagram,  are  seen  to  be  mainly  dne  to  atmos- 
plierio  preneure  and  winds.  Thev  ai-e  more  or  less  perfectly 
elltiiiimled  by  takiu^f  tliv  im-rayi-  i'nr  !!>■.■  m*  mort;  years  aiul 
when  thus  eliminated  the  observations  appear  to  show  that  mean 
sea  level  remained  nearly  stationary  from  lS."t3  to  1875,  .*iiK'e 
which  time  it  has  been  rising  relatively  to  the  land  by  abi)ut 
1-45  ft.  per  ecntnry.  The  rate  of  change  since  1S75  may  be 
<)btained  in  the  following  different  ways. 

(1)  From  ten  yeari*'  observations  at  Governor's  Island,  lS7o- 
79,  the  elevation' of  M.  S.  L.  was  1-9:^2  ft.,  and  at  Fort  Hamil- 
ton the  average  elevation  of  H.  T.  L.  from  1893-1002  \va.s 
2  lfi5  ft. ;  allinving  11-03  ft.  as  the  difference  between  M.  S.  L. 
and  II.  T.  L.  at  Fort  Hamilton,  we  have  an  increase  in  eleva- 
tion of  JI.  T.  L.  of  0-->6  ft.  in  twenty-three  year.*,  or  11  ft. 
per  eeiitnrv. 

(-1)  Theolisei-viiiions  at  F..rt  llaiiiiltun  idi.ne,  give  the  follow- 
ing re.-<iilt  by  taking  tho  average  11.  T.  L.  of  the  first  tivc  and 
last  five  vears  of  the  series: 


11.  T  L.   lHr>3- 
H.  'i\  L.  180B- 


902 


2-IOK  fl. 


An  average  elevation  nf  H.  T.  I.... 
2-;iii  ft.  per  .-enturv. 

t3|  The   tidal    observations  at    i'i. 


A  for  the  last  ten  ^ 


Tnttle — Changes  in  Elevation  of  Land  and  Sea,      341 

1893-1902,  give  2-304  ft.  as  the  elevation  of  H.  T.  L.at  Pier  A, 
while  H.  T.  L.  at  Governor's  Island  1870-79  was  1-858  ft.,  an 
increase  in  the  elevation  of  H.  T.  L.  of  '446  ft.  in  twenty-three 
years,  or  1*94  ft.  per  century. 

(4)  The  observations  at  Governor's  Island  1870-79  give 

Elevation  of  M.  S.  L.  1870-74 1-899  ft. 

Elevation  of  M.  8.  1..  1875-79 1*964 

An  increased  elevation  in  M.  S.  L.  of  0-0G5  ft.  in  five  years, 
or  1-30  feet  per  century. 

(5)  The  observations  at  Sandy  Hook  for  the  seventeen  vears 
1870-1892  give: 

Elevation  of  M.  S.  L.  lR7(i-1881 ()-88.'}  ft. 

Elevation  of  M.  S.  L.  1887-1892 7-038 

An  increased  elevation  in  M.  S.  L.  of  0*155  ft.  in  eleven  years, 
or  1-41  ft.  per  century. 

(0)  The  observations  for  the  fourteen  years  1889-1902  at 
Pier  A,  when  taken  by  themselves,  give : 

Elevation  of  H.  T.  L.  1889-1895  .    ...    i>127  fi. 
Elevation  of  H.  T.  L.  1896-1902     2845 

An  increased  elevation  in  H.  T.  L.  of  ()'218  ft.  in  seven  years, 
or  3-1  ft.  per  century. 

(7)  The  average  of  the  observations  of  H.  T.  1^.  for  the  ten 
years  1870-1879  at  Governor's  Island,  coni]>ared  with  all  the 
above  mentioned  observations  at  New  York  for  the  nine  years 
1894-1902,  shows  that  II.  T.  L.  has  risen  •82f>  ft.  in  twentv- 
two  and  one-half  years,  or  at  the  rate  of  1-45  feet  j)er  century. 

(8)  The  Department  of  Docks  and  Ferries  of  New  York  City 
found  it  necessary  in  1898  to  raise  their  ])lane  of  mean  low 
water  (to  which  soundings  are  reduced)  0*24  ft.  almve  that  in 
use  since  1872 ;  and  the  U.  S.  Engineers  in  1900  raised  their 
plane  of  mean  low  water  0-32  ft.  above  that  used  in  1872. 

On  account  of  the  manv  disturbances  to  which  tidal  ohserva- 
tions  are  subject,  the  frequent  change  of  tide  staffs  in  some 
cases,  and  the  settlement  of  bench  marks,  it  is  necessary  to  use 
considerable  caution  in  the  interpretation  of  the  ol)servations, 
and  all  possible  checks  should  be  used.  Only  when  independ- 
ent determinations  show  a  reasonable  agreement,  can  wc  feel 
sure  of  the  result  arrived  at. 

Besides  the  errors  which  may  occur  in  the  measurement  of 
the  elevation  of  mean  sea  level,  it  is  subject  to  changes  from 
many  causes,  among  which  may  be  mentioned  changes  in 
atmospheric  pressure,  winds,  temperature,  various  tidal  com- 
ponents having  periodicities  ra^iging  from  six  hours  to  nine- 
teen years,  river  outflow,  eva[)oration,  changes  in  ocean  cur- 
rents, melting  of  polar  snow   and   ice,   changes  in   salinity^ 
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detritus  carried  iuto  the  sea  by  rivers,  and  tlie  weariiijf  away  of 
Bhoree,  as  well  as  cjianges  in  the  ])osition  of  the  earth's  axis 
and  s|)eod  of  i-otation. 

High  and  low  waters  only  were  nieasnred  in  moat  of  the 
observationx,  tud  consequently  H.  T.  L.,  which  is  tlie  mean  of 
the  aliove  quantities,  tia5  been  given  in  the  tables,  except  in  a 
few  instJinceii. 

In  funeral  M.  S,  L.  obtained  from  hourly  ordinates.  which 
determines  a  level  enrface,  differs  from  11.  T.  L.  to  a  Bnmll 
extent,  depending  in  amonnt  on  the  niiape  of  the  tide  wave. 
In  deep  water  this  diflerenee  is  usually  qnite  small,  but  in 
elmllow  water,  or  wliero  the  tide  wHve  is  obstructed,  it  requires 
to  be  tiiken  into  account. 

It  has  been  computed  from  the  tidal  wnietante  that  M,  S.  L, 
is  0-01  ft.  above  II.  T,  L.  at  Sandy  Hook,  and  O'UliT  ft,  above 
at  Governor's  Island.  The  differences  are  about  the  saiiiti  at 
Pier  A,  West  57th  st.,  and  East  34th  st.,  as  they  are  at  tiov- 
ernor^H  leland,  so  far  m  present  information  goes,  and  at  Fort 
Hamilton  the  difference  is  estimated  to  be  about  0"08  ft.  The 
Sandy  Hook  observations,  only,  have  been  corrected  toll.  T.  L. 
at  Governor's  Island  in  the  above  tables. 

The  settlement  of  t)eneh  marks  would  make  the  sea  appear 
to  rise  in  relation  to  the  land  by  the  entire  amount  of  the  set- 
tlement. CoRseqnently  all  bench  marks  shonld  be  carefully 
checked  to  guard  agamst  any  change,  and  this  ha.s  l>een  done 
in  the  cusc  of  If.  M.,  and  11  M.  L.  mentioned  above. 

The  accuracy  of  the  tidal  averages  of  11.  T,  L.  obtained 
from  an  automatic  tide  gauge  varies  somewhat  with  the  type 
of  the  instrument  employed,  and  the  attention  given  to  it. 
The  results  are  moat  accurate  where  the  tidal  range  is  small, 
and  the  working  scale  of  the  gauge  large.  An  examination  of 
the  yearly  means  of  the  various  tidal  olwervations  goes  to  show 
that  the  yearly  averages  of  half  tide  level  should  not  have  a 
probable  error  greater  than  O-ttTt  ft.,  although  the  maximum 
error  may  be  nearly  three  times  as  great.  The  greater  part  of 
this  probable  error  is  due,  however,  not  to  the  inaccuracy  of 
the  tide  gauge,  but  to  fluctuiitioua  of  the  mean  sea  level  from 
meteorological  causes, 

"When  We  exaniine  the  d.iiiy  <^liang.-s  of  mean  sea  level  in 
New  York  Harbor,  wc  find  that  thcv  ,nv  lOitinlv  determined  bv 
the  velix-ity  and  direction  of  tlic  wiiifl  N.W.  and  W.  winds  an; 
the  effective  agents  in  dc]>rc-siiig  the  t-ca  level  and  N'.E.  and  E. 
winds  in  rai>iiig  il.*     The  mean  level  has  been  at  times  raistnl 


•  DeH  Bnme  m  Iiih  ilinrls  o 

New  V.irk  Harbor  published  ii 

i:m.  Mv 

"Tides  niw   iieri«u,iii-iilnrly  nl 

d.ecke.1 

■uph  II  degree  by  the   \Ve»terl> 

<ir  N.irdi  wV-stiTlv  wi'iKin,   bs 

water  on   thi;  bar  tu  thret  futii 

oius  iiiul  i>iit'-<(iiiirtt.-r,  niid  Kuste 

ly  or  Nor 

Easterly  wiuds  have  frequently 

U<-n  il  to  live  fnthoms," 
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or  depressed  as  much  as  tliree  feet  from  its  average  elevation 
during  strong  gales  in  the  above  directions. 

When  we  pass  from  the  daily  changes  to  the  monthly 
averages  of  mean  sea  level,  we  find  a  remarkable  correspond- 
ence between  the  height  of  mean  sea  level  and  the  movement 
of  the  northwest  and  west  winds,  while  the  northeast  and 
easterly  winds  appear  to  have  little  effect  on  these  monthly 
averages.  Probal>ly  the  greater  and  more  nniform  effect  of 
the  westerly  winds,  which  has  been  proved  by  analysis  for  a 
long  series  of  years,  is  due  to  the  fact  that  they  are  the  prevail- 
ing winds,  last  for  a  considerable  time,  have  greater  intensity, 
and  are  effective  over  large  areas,  while  the  easterly  winds  are 
more  local,  and  changeable. 

The  atmos])heric  pressure  does  not  usually  appear  to  have  an 
important  share  in  determining  the  monthly  values  of  mean 
sea  level,  except  as  it  influences  the  intensity  of  the  prevailing 
westerly  winds. 

These  monthly  averages  show  a  minimum  mean  sea  level, 
sharply  defined  in  January,  and  a  maximum  mean  sea  level, 
not  sharply  defined  in  August;  while  the  westerly  winds  have 
a  maximum  sharply  defined  in  January,  and  a  minimum  not 
sharply  defined  in  August.  This  seasonal  difference  in  eleva- 
tion of  mean  sea  level  avera<i:es  0*55  ft.  Bv  means  of  vearlv 
averages  we  eliminate  these  seasonal  fluctuations  as  well  as 
all  astronomical  effects,  exce])t  that  having  a  period  of  19 
years,  which  is  so  small  in  this  latitude  (less  than  0*2  inch) 
that  it  mav  be  ne<rlected. 

Particularly  noticeable  in  the  tidal  curves  is  the  very  con- 
siderable depression  of  half  tide  level  in  1874,  and  the  great  ele- 
vation of  half  tide  level  in  1878.  When  compared  with  the 
curve  of  atmospheric  pressures,  it  will  be  noticed  that  abnormal 
changes  of  the  barometric  pressure  occurred  in  those  years, 
which  seem  to  show  that  lliev  occasioned  the  tidal  fluctua- 
tions. 

Tidal  elevations  and  barometric  pressures  at  a  number  of 
stations  on  both  sides  of  the  Atlantic  show  that  these  atmos- 
pheric surges  extended  over  a  large  area,  and  similarly  affected 
all  tide  gauges  on  the  North  Atlantic  Ocean. 

In  the  year  1900  a  marked  depression  in  half  tide  level  is 
shown  by  the  New  York  observations.  As  this  same  depres- 
sion was  observed  at  Fernandina,  Fla.,  and  other  j)oints,  we 
may  presume  that  it  took  place  along  the  entire  Atlantic  Coast. 
At  Inew  York  City,  it  appears  to  have  been  caused  by  the 
unusual  strength  of  the  N.W.  and  W.  winds. 

In  1901  and  1902  mean  sea  level  at  New  York  Citv  rose  to 
a  height  not  before  attained,  which  w^as  probably  due  to  the 
low  barometric  pressure  prevailing  during  those  years. 
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Am  tlie  effect  wf  tlie  fttinoeplieric  presMire  And  wiiich  on  tlie 
Ma  level  al  aitv  [kla<?e  U  the  inlegral  nf  ilieir  effects  taken  over 
a  wide  area,  while  these  observations  are  taken  at  only  one 
point,  a  doiM)  <.-orn«pun(k'iic«  is  not  to  lie  uxpected,  partieo- 
lariy  where  Uie  Itx-ality  it  nt  the  jnnetioii  of  «ontinentiU  nod 
ooean  areas,  ae  in  thi^  ca^e. 

It  has  l>«;n  reoentW  found  from  the  vearly  avenges  of  atniM- 
phone  prf»ti(ire  nt  iiiuiiy  widely  separated  places,  that  abnor- 
timl  vhnalioiis  of  atmospheric  pre«inre  occur  of  conniderahle 
dnration,  which  are  apparently  caused  by  the  Hiirging  to  and 
fro  of  the  atinoephere,  Tlioy  affect  a  very  considerable  area 
and  have  a  tendency  to  recur  in  periods  of  abunt  three  and 
eifrht  yeani,  c/trrespoiidiiiff  clocely  with  periodic  variatioiie  of 
soTar  energy  received  by  the  eartli. 

The  BXtuiiination  of  lon^  series  of  tidal  ubeervatioos  in  placeH 
aeattered  ever  the  world  dischtscu  very  »«iniilar  periodicities, 
which  are  donbtleiin  due  in  the  main  to  the  surgiofi  of  the  han>- 
ntetric  prBHsure  Wfore  allndei)  to,  and  the  consetjuent  change 
in  the  atmospheric  circulation. 

Tidal  olMK!rvatio»»  fmni  Maine  to  Florida  disclose  a  striking 
nimilaritv  among  the  chanffe''  in  half  tide  level  at  all  localitiet' 
on  the  Atlantic  Coast,  and  the  same  phenomena  have  been 
observed  on  the  shores  of  the  Baltic  Sea.  tt  appears  ouite  cer- 
tain ttinl  tlieue  tluctnutioRs  of  yearly  half  tide  level,  nearly 
alike  in  direction  and  amount,  are  dne  mainly  to  changes  in 
the  mean  annnal  barometric  pressnre,  and  the  accompany  in  j; 
changes  in  wind  velocities.  These  periodic  flnctnations.  never 
more  tlian  a  few  year;;  in  dnration  and  very  much  alike  in 
extent  and  direction  at  all  tlie  points  embraced  in  a  large 
area,  evidently  are  changes  dne  entirely  to  tlie  sea,  and  can 
in  r\i\  way  be  considered  as  showing  a  cliange  in  tlie  absolute 
elevation  of  tlic  land. 

On  the  otJier  hand,  there  are  no  changes  in  the  meterological 
phenoTnona  whieli  will  acconnt  fur  a  continuons  increase  of 
lialf  tide  level  for  n  hcries  of  vears.  such  as  have  been  observed 
at  New  York  fi'orn  1S75  to  ]!i(i2,  at  Huston  for  the  same  period, 

Mill  IST'i  t.i  l.ss.-,.     Neither  will  sncli 

coiitiiiiioii-  depression  of  sea  level 
iil.^er\i.lioi:>.  at  Stockholm.  Sweden, 
li  veriticd  by  niiniLTons  observations 
of  rlie  lialtic  Sea,  where  it  has  Ijeen 
mi  nearly  two  tVet  relatively  to  the  sea. 
ervarioiis  mi  the  German  eoa#t  of  the 
Isll,  show  nil  appreciable  change  in 

iniii>ii>  \;iri!itiiiiis  of  atmospheric  pres- 
oceiiii  eiiiTeiits,  etc.,  appear  to  exist  tn 
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explain  these  secular  changes  in  mean  sea  level,  and  if  such 
changes  did  occur,  tliey  could  hardly  explain  the  difference  in 
amount  and  direction  of  the  changes  of  sea  level  observed  at 
different  points.  Besides,  it  is  seen  from  tidal  observations  on 
the  German  coast  of  the  Baltic  Sea,  the  North  Sea,  and  the 
coast  of  India,  that  no  continuous  change  in  ocean  level  has 
occurred  in  those  places,  wiiich  would  probably  be  the  case 
if  there  had  been  any  great  or  long  continued  change  in  abso- 
lute ocean  levels  elsewhere. 

We  must  conchide.  then,  except  for  minor  variations  due  to 
meteoroloa:ical  conditions,  that  it  is  the  land  and  not  the  sea 
which  is  cnanging  in  elevation. 

Most  of  the  geological  evidence  appears  to  show  that  the 
movement  of  the  land  relatively  to  the  sea  in  recent  geologic 
times  has  been  of  a  cyclic  character  and  confined  within  narrow 
limits.  There  is  little  geologic  evidence  to  be  found  in  the 
vicinity  of  New  Y'ork  of  a  definite  character  to  indicate  depres- 
sion. It  is  true  that  marsh  sod  can  be  found  outshore  from 
the  beach,  and  below  mean  sea  level ;  that  cedar  trees  die  out 
on  the  shore,  and  that  peat  bogs  and  stumps  of  trees  have  been 
found  in  many  places  below  sea  level.  These  phenomena  are 
to  be  explained,  however,  by  the  inroads  of  the  sea  during 
storms,  and  by  wave  action ;  as  well  as  by  the  compression  and 
consolidation  of  the  marsh  land,  which  has  l)eeTi  known  to  sink 
as  much  as  three  feet  when  drained,  or  loaded  with  sand.  As 
we  leave  the  shore  these  apparent  evidences  of  subsidence  dis- 
appear and  in  places  thoroughly  protected  from  the  sea  few  or 
none  of  them  are  found. 

It  does  not  appear  from  the  evidence  presented  by  tidal 
records,  or  from  historic  or  geologic  evidence,  that  our  sea-coast 
is  in  any  immediate  or  serious  danger  from  subsidence  of  the 
land,  for  almost  without  exception  the  longest  records  show 
the  least  change,  and  were  it  not  for  the  power  and  efficiency 
of  modern  dredging  machinery  the  shoaling  of  harbors  would 
probably  be  a  more  serious  affair. 

The  tidal  observations  have  been  taken  for  so  short  a  time, 
however,  that  thev  can  only  tell  us  what  has  been  <^oin<«:  on 
recently,  and  do  not  disprove  a  possible  change  in  ocean  eleva- 
tion too  small  to  be  detected  within  the  period  of  observation. 

In  conclusion  it  may  be  stated  with  confidence,  as  the  result 
of  an  inspection  and  study  of  tidal  observations  on  i)oth  sides 
of  the  Atlantic  for  the  first  time  brought  together, 

(1st)  That  the  mean  sea  level  oscillates  in  an  irregular 
manner,  having  an  average  period  of  about  eight  years.  These 
oscillations  closely  resemble  one  another  at  many  ports  distant 
from  each  other,  and  appear  to  be  largely  due  to  changes  in 
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atmospheric  pressure,  and  the  resulting  elinnges  in  wind 
veloeitiee. 

i^\)  The  ftbove  (wcillatiom  com^wiiHate  themselves  com- 
pletely in  the  course  of  time,  and  do  not  give  rise  to  a  contiou- 
0U6  movmuent  in  a  given  direction. 

(3d)  Tliat  in  addition  to  the  above  niovuinenrs  of  the  Bea  somi- 
ports  show  a  more  or  less  continnoits  ri»ine  of  the  sea  rela- 
tively to  the  adjacent  land ;  others  a  lowering  of  the  sea  level 
in  its  relation  to  the  land,  and  still  others  maintain  a  constant 
relation  between  the  two.  These  latfer  make  it  clear  that 
except  for  the  periodic  diangos  noted  above,  the  sea  does  nol 
diange  its  level,  and  that  the  relative  changes  are  due  to  land 
movoniente. 

(•tth)  At  various  porta  the  rate  of  change  in  the  elevation  of 
mean  sea  level  referred  to  the  adjacent  land  has  not  remained 
constant,  but  has  varied  in  a  coneidorable  degree.  All  the 
observations  show  that  for  long  {leriodH  the  rate  of  change  is 
less  than  took  place  in  some  jiart  of  that  perifid,  and  tlie  evi- 
dence is  strong  that  the  movement  is  not  continuous,  but  oscil- 
latory and  confined  within  narrow  limits. 

(5ili)  The  obserTations  at  New  York  Citv  allow  that  since 
1875  the  land  has  been  subsiding  relatively  to  mean  sea  level 
by  abont  1-45  ft.  per  century,  but  from  tlie  oetablishment  of 
the  Belf-registering  tide  gange  in  1S53  to  that  date,  little  or  nn 
change  had  ocenrred,  and  it  is  improbable  that  Hie  present  rate 
of  subsidence  will  be  continued  indctiiiitetv. 
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Art.  XXXL — On  the   Geology  of  Brome  3fountai7i^  one  of 
the  Montereglan  Hills ;  by  John  A.  Dresser. 

(Published  by  permission  of  the  Director  of  the  Geological  Survey  of  Canada.) 

In  the  western  part  of  the  province  of  Quebec,  the  basin 
between  the  Appalachian  Hills  on  the  southeast  and  the  south- 
ern edge  of  the  old,  but  now  elevated,  Laurentian  peneplain* 
at  the  northwest,  is  about  eighty  miles  wide.  It  is  occupied 
by  rocks  of  Paleozoic  age  in  which  the  geological  scale  is  repre- 
sented from  Cambrian  to  Lower  Devonian,  both  inclusive.  This 
basin  has  a  nearly  level  surface  except  for  the  presence  of  a 
series  of  hills,  eight  in  number,  known  as  the  Monteregian 
Hills.f  Six  of  these,  namely.  Mount  Roval,  Montarville,  Belo- 
eil,  Rougemont,  Yamaska  and  ShefTord,  rise  at  somewhat  regu- 
lar intervals  of  about  ten  miles,  and  in  a  nearly  east  and  west 
line.  They  thus  extend  for  a  distance  of  fifty  miles  eastward 
from  Mount  Royal  and  from  the  citv  of  Montreal  at  its  base. 
Brome  Mountain  and  Mount  Johnson  are  respectively  two  and 
a  half  and  six  miles  south  of  Shefford  and  Heloeil.  Mount 
Royal,  which  is  probably  the  lowest,  is  7r)9'6  feet  above  mean 
sea  level,  while  Shefford  has  an  altitude  of  l,f>(K)  feet.  Rouge- 
mont, Montarville  and  Yamaska  have  not  vet  been  determined. 
The  others  are  intermediate  between  the  heights  given,  Brome 
reaching  an  altitude  of  1500  feet. 

Considered  physiographically,  these  hills  are  of  residual  ori- 
gin, having  been  etched  into  their  present  relief  by  the  exten- 
sive denudation  of  the  region  by  which  not  less  than  one  thou- 
sand feet  of  the  plain  have  been  removed.  The  composition 
and  texture  of  the  rocks  which  compose  these  hills  have 
evidently  offered  so  much  greater  resistance  to  denuding  agen- 
cies than  was  afforded  by  the  surroun<]ing  strata  as  to  give  the 
hills  their  present  elevation.     Ilence  they  are  hills  of  the  butte 

type. 

Keports  on  the  geology  of  the  district,  with  more  or  less 
attention  to  the  petrography  of  these  hills,  have  been  made  bv 
Dr.  T.  Sterry  Hunt  in  185S,  by  Sir  William  Lo^an  in  186*3 
and  by  Dr.  ft.  W.  Ells  in  1894. J 

Dr.  F.  D.  Adams  in  1903§  made  a  general  review  of  these 
hills  and  proposed  for  them  the  name  "Monteregian",  (Mons 
Regius),  and  also  gave  a  detailed  description  of  Mount  Johnson. 
Fig.  1  of  this  sketch  is  reproduced  from  Dr.  Adams'  paper.  The 
writer  is  also  indebted  to  Dr.  Adams  for  valuable  advice  on 
many  points  in  connection  with  this  investigation. 

♦  Dr.  A.  W.  G.  Wilson,  Journal  of  Geology,  vol.  xi.  No.  7,  '*The  Laurentian 
Peneplain.*' 

f  Dr.  F.  D.  Adams,  Journal  of  Geology,  vol.  xi.  No.  8.  ''The  Monteregian 
Hills — a  Canadian  Petrographical  Province." 

%  Qeologioal  Sanrey  of  Canada.  §  Op.  cit. 
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In  1901  the  present  writer  completed  a  rejK)rt*  on  ShefEord 
Mountain  which  is  now  in  press,  and  published  a  resume  of  it 
in  the  American  Geologist  lor  October  of  that  year  (vol.  xxviii). 

The  above  mentioned  investigations  have  shown  that  the 
Monteregian  Hills  are  of  igneous  origin  and  are  intrusive  in 
their  relations  to  the  strata  surrounding  them.  As  a  petro- 
graphical  province  they  are  distinguislied  by  two  main  rock 
types,  one  representing  a  basic  magma  of  the  essexite  class  in  the 
Kosenbusch  classification — the  other,  various  types  of  alkali- 
syenite.  In  structure  Mount  Johnson,  and  probably  Mount 
Boyal,  are  true  volcanic  necks,  while  Shefford  has  been  found 
to  be  a  laccolite. 

It  is  the  purpose  of  the  present  paper  to  outline  the  main 
features  of  Brome  Mountain,  and  to  indicate  its  general  rela- 
tion to  the  other  hills  of  the  Monteregian  series  that  have  been 
thus  far  studied. 

Brome  Mountain  is  the  largest  hill  of  this  series.  It  com- 
prises an  area  of  about  thirty  square  miles  in  the  counties  of 
ferome  and  Shefford.  Together  with  Shefford  Mountain, 
which  stands  two  and  a  half  miles  to  the  north,  and  is  next  to 
it  in  size,  Brome  is  the  most  easterly  of  the  Monteregian  Hills. 
In  form  it  is  rudely  circular.  The  central  portion,  about 
Brome  pond,  is  a  nearly  level  basin  two  and  a  half  by  one  and 
a  half  miles  in  extent,  and  overlain  by  heavy  beds  of  post-gla- 
cial clay.  The  interior  basin  has  an  average  altitude  of  about 
five  hundred  feet  above  sea  level,  or  only  a  little  above  the 
country  surrounding  the  mountains ;  while  the  basin  is  encircled 
by  a  rim  of  hills  wliich  rise  to  heights  of  from  six  hundred  to 
one  thousand  feet  above  the  surrounding  plain,  or  one  thousand 
to  fifteen  hundred  feet  above  the  sea.  ''Pine  Mountain"  is 
the  highest  point. 

In  common  wMth  the  other  hills  of  the  Monteregian  series, 
Brome  is  an  igneous  mass  intrusive  through  Paleozoic  strata. 
The  latter  belong  to  the  Sillery  division  of  the  Cambrian  system 
on  the  north,  east,  and  south  sides  of  Brome  mountain,  and  on 
the  west  to  the  Mystic  series  (I)2/y)  of  the  upper  (Jhazyf. 

The  latest  time  at  w4iich  the  intrusion  could  have  taken 
place  is  also  indicated,  though  less  definitely,  by  the  fact  that 
the  igneous  rocks  are  somewhat  foliated,  and  show  in  j)laces  an 
incipient  schistose  structure.  This  is  parallel  in  direction  w^ith 
the  schistosity  of  the  surrounding  sediments,  though  much  less 
in  degree,  and  represents  a  late  stage  in  the  folding  of  the 
Appalachian  uplift.  As  this  was  not  shared  in  by  the  Permo- 
Carooniferous  of  the  maritime  provinces,  Brome  mountain  was 
formed  after  the  deposition  of  the  upper  Chazy  sediments  and 
before  the  close  of  tne  Carboniferous  period. 

♦  Geological  Survey  of  Canada,  vol.  xiii,  part  l. 

f  Dr.  R.  W.  Ells,  Annual  Report  of  the  Geological  Survey  of  Canada,  1894. 

Ax.  JouB.  Sci.— Fourth  Series,  Vol.  XVII,  No.  101.— May,  1904. 
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Tills  age  limit  virtually  agrees  with  tbat  pf  the  adjaoenl 
intriisinn  of  Hhefford  moiintHiii  whicJi  ehowe  similar  dynamic 
nietaniornhiara,  but  cntH  slightly  later  strata,  viz.,  The  Fam- 
liam  hla«K  slates  (D3«),  adivisioti  of  the  lower  Trenton.  The 
latter,  however,  do  not  occur  at  Broino. 

The  presenee  of  numerous  sedimentarj-  outliers  wliieli  have 
been  invaded  and  otherwlBi.'  altered  by  the  igneous  rocks 
boQcuth,  together  with  the  general  eharacter  of  those  rocks, 
and  tlie  absence  of  any  tufaceons  material,  seems  to  indicate 
that  Brome  mountain  is  an  uncovered  laccoiite  and  has  never 
been  an  active  volcano.  The  evidences  of  a  similar  stnictnre  at 
Shufforcf  nionutain  are  meet  eonclnaive,  and  as  the  distance 
between  the  mountains  is  only  two  and  a  half  miles,  which  is 
less  than  the  smallest  diameter  of  either,  they  are  probably 
3)art«  of  a  single  lacwilito.  The  eorreep<Jiidence  of  the  roeke  in 
the  two  mafises  also  favon^  this  view. 


PeArogruphy. 

The  Igneous  rocks  of  which  Brome  mountain  is  essentially 
composed  belong  to  three  principal  types,  two  of  which  ct-r- 
tainlv  are  the  products  of  separate  irruptions,  and  the  third 
possibly  so.  Tlic  rock  of  the  earliest  intrusion  is  of  the  Essexite 
lamily,  according  to  the  Rosenbusch  classiticatioQ,  or  in  tlie 
Quantitative  Clafisificatiun**  it  is  a  Heeeoee. 

The  second  is  of  a  syenitic  character  rani^ing  from  Kunl- 
markite  to  Kepheline  syenite.  It  is  NorcTmarkose  in  the 
Quantitative  Classification.  The  third,  which  is  of  com])ara- 
tivelv  small  extent,  is  a  porphyritic  rock  which  from  its  micro- 
scopic and  chemical  character  is  classed  as  a  phyro-laiirdalose. 
Their  distribution  is  shown  on  the  accompanying  figure  (2), 

The  nordmarkose  distinctly  cuts  the  hessose,  but  the  contact 
of  the  laurdalose  with  the  nordmarkose,  which  completely 
surrounds  it,  is  everywhere  drift-covered  so  that  conclusive  evi- 
dence of  their  relations  conhl  not  be  obtained. 

Hessose. — This  is  a  massive  rock,  gray  in  color,  and  weather- 
ing to  a  dull  brown.  Its  structure  is  granitoid  and  the  texture 
medium.  Feldspar  and  small  amounts  of  dark  minerals,  chiefly 
hornblende,  mien,  and  inni  ore,  i-iin  be  seen  by  the  unaided  evf. 

In  the  thin  section  feldsjuir  is  fnund  to  constitute  fully  i'O 
|>cr  cent  of  the  rock,  in  imrt.s  that  aiv  considered  typical,  tlie 
remaining  constituents  being  pyroxene,  olivine,  and  biotite 
with  acccs.sory  mH^uetile  iind  jipiitite.  Hornblende  in  many 
cases  (wcurs  ipiitc  as  iil)undnntly  as  i>ymxciie,  but  in  other  parts 
of  the  rock  is  entirely  wuiitiug.  The  structure  in  general  is 
liypidlomorphic  granular. 

•  ■'  QiiHiitiliitivc  t'liissificiiliim  of  Iiriieoiis  Ru.kx,"  Cross,  Iddinga,  Pirasoo 
and  ■\VaHhiiigton,  Tlie  Uiiivsrsity  of  Cliipaj^o  PrvHS,  1903. 
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The  feldspar  is  chiefly  a  plagioclase,  which  is  twinned  accord- 
ing to  the  albite  law  in  broad  lamellae  upon  which  it  extin- 
gmshes  symmetrically  an  angle  of  40  degrees  or  more.  It  is 
bytownite,  or  basic  labradorite.  A  few  rather  large  crystals  of 
luieroperthite  are  the  only  other  feldspathic  constituents  seen. 
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Map  of  Brome  Monntain,  Quebec,  Canada. 

The  hornblende  is  trichroic,  the  scheme  of  absorption  being 
c  >  b  >  a,  with  b  nearly  equal  to  c.  The  color  ranges  from  chest- 
nut to  yellowish  brown.  The  maximum  extinction  angle,  c  Ac, 
that  was  observed  was  20  degrees. 

The  principal  variety  of  augite  present  is  slightly  dichroic. 
Sections  having  b  or  c  parallel  to  the  plane  of  the  polarizer  of 
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the  microscope  are  gray,  or  grayieb  green :  tliose  with  a  in  the 
etiinu  position  are  flesh-colurod.  In  a  few  instances  grains  of 
another  variety  of  augite  are  possibly  preeont,  but  the  aniounte 
are  too  smaJI  tu  admit  of  satisfactory  determination. 

Olivine,  where  present,  is  colorless,  and  is  serpen  tin  izetl 
along  cracks  in  the  primary  minei-al. 

Biotite  occurs  in  iiTegnlar  areas  having  imperfect  crystallo- 
graphic  outline«. 

Hagnetite,  sphene,  apatite,  and  oceasionally  a  little  nephelinc 
in  8  decomposed  condition  are  also  present  bnt  present  no 
features  worthy  of  further  notice. 

An  analysis  by  Mr.  M.  Y.  Connor  of  the  Geological  Snrvey 
of  Canada  gave  the  rosnlt  I  in  the  fallowing  table;  II  is  an 
analysis  of  Akerose  (Esaexite)  from  Shefford  mountain,  also  by 
Connor;  III,  of  Andose  (Etisexite)  from  Mount  Johnson,  anil 
IV,  the  original  Es6exit«  from  Saleui,  Mass. 

I.  II.  III.  IV. 

8iO, 44-00  53-16  48-66  47-94 
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The  calcnlation  of  the  norm  of  I  in  order  to  refer  it  to  it^ 
proper  place  in  the  Qnantitativo  Clat'sification  gave  the  follow- 
ing resn  Its: 

The  norm  of  I  : 
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x^k  accordingly  falls  in 

Class  II,        Dosalane 

Order  5,        Germanare 

Rang  4,         Hessase 

Subrang  3,    Ilessose 

(Grad-polmitic) 
(Sub-Grad.  premirlic) 

a1  mineral  composition  being  practically  normative, 
structure  niegascopically  granitic,  the  rock  is,  tb.ere- 
ssed  as  a  grano-heasoae. 

Tdmarkose, — This  is  also  a  plutonic  rock  of  medium 
J  texture  and  gray  or  reddish  gray  color.  In  the  hand 
1  it  shows  only  feldspar  with  an  occasional  speck  of 

)  thin  section  feldspar  is  found  to  make  up  probably  90 
;  of  the  volume  oi  the  rock.  The  remaining  constit- 
i  order  of  relative  abundance  are  biotite,  pyroxene, 
ide,  sphene,  apatite.     Biotite  and  pyroxene,  and  occa- 

homblende,  may  be  ranked  as  essential  constituents, 
more  than  equals  in  amount  all  the  other  constituents 
eldspar.  Occasionally  a  little  nepheline  is  seen  and  in 
rts  a  few  grains  of  quartz.  Logan  mentions*  the  spe- 
vitv  of  this  rock  as  2-632-2-638. 
eldspar  resembles  orthoclase  in  its  general  appearance, 

a  mottled  look,  and  un<ler  higher  powers  proves  to 
ine  perthitic  intergrowtli  in  the  spotted  areas. 

also  are  found  to  be  more  numerous  under  higher 
ing  powers,  apparently  their  extent  being  limited  only 
X)wer  of  the  microscope.  Tiie  feldspar  is,  tlierefore, 
1  as  cryptoperthite.  Logan  (op.  cit.)  reported  its  spe- 
vity  to  be  2*575  and  gave  the  following  analysis  (V)  of 

grains.  VI  is  an  analysis  of  cryi>toperthite  from 
,  Jforway,  by  Gmelin,  described  by  lirogger  (Syenit- 
tgange,  p.  524). 

V.  VI. 

SiO    66-VO  65-90 

Al.O, 20-80  19-46 

CaO -84  -28 

NaO 6-52  6-14 

K,0 6-43  6-55 

H,0 -50  -12 

Fe.O, .  -     -44 

100-79  98-90 

*  Geology  of  Canada,  1868,  p.  656. 
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Hornblende  is  green  in  ordinary  light  and  showa  pleochrofem. 
It  18  in  80  email  amounts,  however,  that  the  scheme  of  its  absorj)- 
tion  conld  not  be  Batisfactorily  determined. 

The  other  minerals  require  no  special  note.  Where  quartz 
enters  into  its  coinpoBition  this  rock  ie  identical  with  the  Nord- 
markose  (Nordmarkite)  of  Shefford  Mountain.  In  other  phases 
it  closely  resemhlea  the  Laurvikite  of  Southern  Norway 
described  by  Prof.  W.  C.  Brugger.  Its  resemblance  to  both 
is  shown  in  the  following  analyses. 

vn.  vni.  DC.  X. 
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VII.   Nordmarkose,  Brome.     Analysis  by  M.  F.  Connor. 
Vill.  Laurvikose,  Byskoven,  near  Laurvik,  Norway.    ("  Chemi- 
cal Analyses  of  Igneous  Rocks,"  by  H.  S.  Washington  ) 
IX.  Nordmarkose,  Shefford.     Analysis  by  M,  F.  Connor. 

X.  Laurvikose  "  "  "  " 

The  norm  of  VII  is  as  follows : 

Orthoclase   3ri4 

Albite 67^11 

Anorthitc 278 

Nephelinc -28 

Olivine -62 

Diopside 3-16 

Apatite -34 

Ilmeiiite _.  1^37 

Magnetite _ 2-55 

100-45 
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The  place  of  the  rock  in  the  quantitative  classification  is  as 
follows : 

Class  I,         Persalane 
Order  5,        Canadare 
Rang  1,        Nordmorkase 
Subrang  4,   Nordmarkose 

In  strncture  it  is  megascopically  gi-anitic  and,  therefore, 
becomes  a  grano-nordmarkose.  It,  too,  is  appro xiinatelj  norma- 
tive. The  chief  departure  of  the  norm  from  the  mode  is  in 
the  alkali  feldspars,  which  in  the  rock  are  in  the  form  of  micro- 
perthite. 

Zaurdalose. — This  is  a  porphyritic  rock  having  a  greenish 
matrix  and  a  few  phenocrysts  of  light  gray  color. 

In  the  microscopic  section  the  rock  is  seen  to  be  porphyritic 
with  a  felsitic  base.  The  phenocrysts  are  found  to  be  feld- 
spar, generally  of  the  character  of  that  mineral  in  the  nord- 
markose. No  plagioclase  was  certainly  seen.  Part  of  the 
feldspar  appears  to  be  pure  orthoclase  but  more  possesses  the 
mottled  character  of  cryptoperthite.  Patches  of  granular  feld- 
spathic-looking  material  are  also  numerous  and  are  prominent 
in  the  cryptocrystalline  groundmass  of  the  rock.  Granular 
ferromagnesian  minerals  are  also  found  in  some  of  these  aggre- 
gates. 

Magnetite  and  apatite  in  small  amount  are  also  present. 
Sodalite  appears  in  bluish  individuals  having  rounded  or  poly- 
gonal outlines.  It  is  perfectly  isotropic,  showing  no  pleo- 
chroism,  even  with  a  gypsum  plate  producing  red  of  the  first 
order,  and  yields  no  interference  figure  in  condensed  light. 
The  dust-like  inclusions  characteristic  of  this  mineral  too  are 
noticeable.  A  little  chlorite  and  a  few  individuals  of  biotite 
are  also  seen. 

XI.  X.  XII. 

SiO    55-68  59-96  55-65 

Al.O, 20-39  19-12  20  06 

Fe,0, 2-10  1-86  3-45 

FeO    1-95  1-73  1-25 

MgO -80  -65  -78 

CaO 1-92  2-24  1-45 

NaO 9-18  698  8*99 

K,0 5-34  4-91  6-07 

TiO, -60  -66               

PO -06  -14 

MnO   -31  -49 

H,0 1-60  1-10  1-51 

99-83  100-17  99-21 

XI.  Laardalose,  Brome.    Analysis  by  M.  F.  Connor. 

X.  Palaakite,  Shefford  (Laurvikose),  by  M.  F.  Connor. 
Xn.  Tingoaitey  Hedrum,  Norway  (Laurdalite).     Analysis  by  V. 
Schemlck.    Described  by  W.  C.  BrOeger.     ('*  Chemical 
Analyses  of  Igneous  Bocks,"  H.  S.  Washington.) 
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The  norm  calculated  from  this  uiiat ysis  ie  as  follows : 

Orlhoclase 31-60 

Albite 27-TT 

Nepbeline 25-56 

Acmite   2-31 

Diopside T-85 

Olivine -a* 

Ilraenite 100 

Magnetite 1'86 

Water 1-50 

!i9-84 
It  is  therefore  clawed  as  follows^. 

ClsRS  II,        Dosalane 
Order  6,         Norgare 
Rang  I,         Laurdalase 
Subrang  4,    Laurdalosc 

The  striictnre  of  this  rock  is  botii  iiiacroscopicallj'  and 
juicrOBcopicaliy  porpliyritic-. 

As  »odaIite  is  one  of  the  few  diatinguishaljle  minerals  in  it, 
And  ifl  iudicfttive  of  itH  alkaliiio  character,  it  might  best  he 
designated  as  a  Bodalite-lietiriiig  felsophyro-laiirdaloise. 

Comparison  of-  Brome  and  Shefford. 

When  compared  with  Sheffoi-d  Mountain  the  similanty  of 
the  two  hilifi  is  found  to  be  very  close.  In  Sliefford  Mountain 
there  have  been  three  separate  eruptions  and  the  rocks  tluis 

Erodiiced  in   order  of  intrusion   are  verv  similar  to  those  of 
Irorae. 

Shefford  Brome 

lat,  Akcrosc  (Kssexite);  1st,  Hessose 

2d,   Nordmarkose  (NordniarkJte)  2d,  Nordmarkose 

3d,  Laurvikose  (Pnlaskite)  ;td,  Laiirdalose 

The  rocks  of  the  firet  iutrnsions  in  the  two  hills  thus  corre- 
upond  very  closely  while  those  of  the  second  are  identicHl. 
while  the  third  classes  do  nut  diifer  widely. 

In  jioint  of  general  structure  the  hills  are  practically  alike 
cxcejit  that  dikes  later  than  the  main  mass  of  the  mountain 
are  vei-)'  iinnicj-uus  at  Mlieffurd  while  they  are  almost  aitofijcther 
wanting  at  Brome. 

t'/ieiiiieal  ('••mpo^ition  of  <h-i;;iit'if  ^faffiim. 

An  effort  was  made  t<>  asct-rtain  (he  chemical  comiiositiou  of 

the  orifjinal  niagnia  wliich  ]iroiluccil  tlicsc  mcks.     The  nresent 

.surface  exiK>>nre  of  tlic  ninnntairi  may  be  taken  as  afforiiin^  an 

average  crass  section  uf  ihc  iiia,-s.     Accordingly,  the  relative 
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areas  occupied  by  the  three  rock  types  at  Brome  were  ascer- 
tained by  placing  a  tracing  of  the  map  uik)u  a  sheet  of  square 
ruled  paper  and  counting  the  squares  occupied  by  each. 

Taking  the  area  of  laurdalose  as  the  unit,  nordmarkose 
and  the  hessose  occupy  150  and  110  units  respectively.  Multi- 
plying their  analyses  by  these  coefficients  of  area,  and  divid- 
ing the  sum  of  the  products  by  the  sum  of  the  coefficients,  the 
mean  of  the  means  obtained  is  that  given  as  anaWsis  XVII. 

The  analyses  of  the  three  related  rocks  in  Shefford  Mountain 
were  treated  in  a  similar  manner,  and  the  result  given  as  analysis 
XIII. 

But  since  the  two  mountains  are  to  be  regarded  as  parts  of 
the  same  laccolite  it  is  necessary  to  find  the  average  of  these 
means.  This  having  due  regard  for  the  area  of  the  two  masses 
is  found  to  be  that  given  under  XVIII. 

XVII.  XIII.  XVIII. 

SiO, 5425  59-51  56*47 

TiO     l-*23  -78  M3 

A],0. 22-14  17-90  21-17 

Fe,0, 2-03  2-17  207 

FeO 2-60  2-64  2-66 

MnO -12  -45  -20 

MgO 1-48  1-27  1-44 

CaO 6-77  3  09  5-93 

K,0 3-23  4-46  3-52 

NaO 4-95  5-98  5-19 

P,0, -17  -27  -12 

H,0 -98  1-00  -99 

^■_^^H«^B_^HM  ^^^^^i^^m^^^^^  ^^B^^M^^^—^a^ 

100-01  99-52  X  09-89 

xBaO   -08 

CO, -13 

SO, -14 

CI -08 

A  rock  having  the  composition  of  the  mean  of  Brome  Moun 
tain  should  be  classed  as  follows  in  the  Quantitative  Classifica- 
tion: 

Class  I,  Persalane 

Order  5,  Canadare 

Rang  3, (alkalicalcic) 

Subrang  4, (dosodic) 

The  mean  composition  of  Shefford  Mountain,  XIII,  would 
be  classed  thus : 

Class  II,      Dosalane 
Order  5,       Germanare 
Rang  3,       Andase 
Subrang  4,  Andose 


w 
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Such  a  rock  would  stand  nearly  oa  tlie  line  between  the  per- 
salanee  and  llie  doaalanee,  the  ratio  of  the  sahc  to  the  femic 
minerals  being  So'33:  1240. 

The  average  coinpositiun  of  the  Brome  and  Shefford  laccn- 
lite,  as  indicated  under  XVIII,  would  therefore  give  a  rock 
which  would  be  classed  thus: 


Class  I,  Persalane 

Order  o,         Canadare 

Hang  3, (alkalicalcic) 

Subrang  *, (dosodic) 


This  agrees  with  the  mean  of  Brome.  and  differs  but  slightlj' 
from  that  of  Shefford  which  stands  very  near  the  dividing  line 
between  Claeees  I  and  II,  while  tliey  quite  agree  in  the  subor- 
dinate part  of  their  claseitication  as  to  Order,  Rang  and 
Sub-Rang. 

The  general  moan  of  the  two  hills,  as  well  ae  that  of  Brome, 
thus  falls  in  a  part  of  tlie  scheme  of  the  Quantitative  Classifi- 
cation that  has  not  yet  beeu  oecnpied.  Being  hypothetical 
rocks,  however,  they  do  not  warrant  the  iutroductiou  of  a  new 
name,  nor  is  it  necessary,  since  their  position  can  be  otherwise 
definitely  indicated  by  means  of  this  admirable  ajBtem  of  classi- 
fication. 
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Abt.  XXXII. — The  CryataUization  of  Mclyhdenite;   by 

A.  J.  Moses. 

The  only  satisfactory  measurements  of  molybdenite  crystals 
which  have  been  made  are  those  of  Brown*  upon  material 
from  Frankford,  Pa.  The  earlier  measurements  of  Homes 
were  discredited  by  Kenngott's  later  examination  and  those  of 
Xnop  were  evidently  made  upon  bent  crystals. 

Tne  difficulties  in  the  way  of  measurement  are  the  striations 
upon  the  pyramidal  faces  which  produce  multiple  and  blurred 
images  of  the  collimator  signal  and  the  frequent  bending  of  the 
crystals  as  shown  by  grooves  and  ridgesf  upon  the  cleavage 
surface  which  frequently  form  three  systems,  each  perpendicu- 
lar to  an  edge  of  the  hexagonal  surface.  In  some  cases  these 
grooves  are  at  many  angles  without  any  apparent  law. 

In  a  careful  examination  of  a  number  of  molybdenite  crystals 
I  have  obtained  some  results  which  are  worthy  of  record.  In 
some  cases,  as  in  the  Warren,  N.  H.  crystals,  the  interpretation 
of  the  results  may  not  be  the  correct  one. 

1.  Molybdenite  from  Enterprisey  near  Kingston,  Ontario, 

In  a  quantity  of  material  obtained  from  Mr.  C.  W.  Dickson 
there  was  one  doubly  terminated  crystal  (fig.  1),  about  8°°* 
across  by  2™"  thick,  the  pyramidal  faces  of  which  were  bright, 
a  little  curved  and  almost  free  from  striations,  and  the  terminal 
plane,  which  did  not  appear  to  be  a  cleavage,  was  bright  and 
fihowed  few  grooves. 

The  crystal  was  attached  to  a  gangue  of  pyroxene,  phlogopite 
and  pyrrhotite  but  projected  so  that  it  was  possible  to  measure 
the  angles  between  the  basal  plane  and  two  of  the  pyramidal 
faces. 

The  faces  did  not  yield  single  images  and  two  separate 
adjustments  were  made  for  each  angle  with  difEerent  combina- 
tions of  lenses.  The  results,  each  m  itself  an  average  of  four 
or  more  measurings,  were : 

First  angle.  Second  angle. 

41°2lf  4r28' 

41    53  41    02 

Average  of  all,  41°  26'. 

This  corresponds  to  a  pyramid  (2025)  the  angle  for  which  cal- 
culated to  Brown's  unit  would  be  41^  23^ 

•Pioo.  Aoad.  Nat.  Soi.  PhUa.,  1806,  p.  210. 

fBrOgger  showed  (Zeitsohr.  f.  Kryatz,  507,  1886)  that  tiioh  markiiiga 
ponld  heprodnoed  by  preesnre,  and  Mfli|Ke  attributed  them  (N.  J.  f .  Min. 
1806  i,  100)  to  tnuialaiion  along  the  plane  0001  perpendienlar  to  the  «MtyMwg« 
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3,  Molybdenite  from  Aidfield,  Quebec. 

A  specimen  piireliRsed  from  tlie  Foott>  Mineral  Co.  eliowe<l 
fl  brirrel-Hhaped  crystal  (fig.  2),  the  biisal  pkuo  7  X  5°"",  tliickaess 
4™°'.  The  cleavage  surface  was  not  crumpled  trnd  was  free  from 
grooves  and  ridges  I»at  was  pitted  witli  littlt;  ctcli  fifrures  of 
not  very  detinite  shape.     Tlie  pyraiiiidal  planet*  were  striated. 

When  adjusted  on  the  two-eircle  f^oii iuincter  by  use  of  tLie 
pitted  cleavage  eurface,  it  was  found  that,  at  irttervalgof  closelv 
60°  of  the  vertical  circle,  zones  were  obtained  which  yielded 
images  of  the  collimator  signal  for  two  different  positions,  both 
poGttiouH  corresponding  toabriglit  illumination  of  the  entire 
face.  TliaC  is,  ttie  striations  in  tnie  crystal  nre  dtie  to  an  oecilla- 
tion  betwc«n  two  forms  and  not  to  gliding  or  translation,  this 
being  furtlier  provM  by  the  absence  of  grooves  and  ridges  on 
the  cleavage. 

In  each  zone  one  of  the  two  imager  corresponded  to  p 
approximately  9ll°,  Tim  cryetal  wa«  therefore  readjusted  until 
tiicso  wurt!  exactly  ftO"  and  the  results  for  the  second  image 
thereafter  in  four  zones  were : 

f  I' 

G"  77°aO'  Dull  image 

I  AQ^-ll'  TT  21  Single  imago 

120  09  77  10  Brighter  of  two 

ISO  10  77  22  "         "      " 

Average  p=:-=  18'. 
The  variation  of  both  <^  and  p  arc  not  too  great  to  be  attrib- 
uted to  the  blurred  signals.     For  the  pyramid  {^n3l)  observc<l 
V»y   lirown   at    Fraiikford,  Fa.,   the   correfi|>ohding   calculated 
anslc  is  77°  13'. 

That  is,  the  cry.stal  consists  of  a  predominiuit  pyramid  (2051) 
with  striated  faces,  and  these  Ktrii«  are  due  to  an  oscillation 
between  this  form  and  the  prism*. 

J.  Moli/bdenile  from    V<ipe  Breton. 

Among  a  number  of  small   crystals  of  molybdenite  in  the 

EsrlestiiTi  ilusoum  liibellcd  Cape  Jlretoii,  one  small  crvstfti  4""" 

l,n>a<i   bv  I tbi.-k    showed    tivc    fiiccs  ..f  a  pvramid.   two  of 

which  wcrt-  uuuHiiillv  l.rijrht  iind  iiilcrs,...tcd  iri  a  sharp  edge. 
I'tiK'cd  with  tlii^  cdL'i'  viTticul  in  thr  N.i.  2  Fuess  goniometer, 
each  face  yielded  ;t  ,-ini;lo  verticallv  di-t..ncd  image  imd  permitted 
a  rather  <'lusc  rcadirii:.  The  interf.u'ial  aui^'le  obtained  was  .'iS" 
2SA',  wliicli  ciinv.-pnoil.  to  an  ariirle  with'  the  cleavage  of  77'^ 
yi)'.     The  cal.-uliited  auirle  for  ciiHli  is  77°  IIV. 

■  The  fai-PK  ^.f  -^iirli  ■■rv-tiilB  ,ire  >fli«lirly  nirvwi  mirl  llic  crj-alnls  taper,  pre- 
vriiliin;  an  <-\ni\  n[>iiIuMti.iii  of  n  liniiil  uiiiiioiiii-lir.  It  is  pnibablo  that  the 
Hiig1fc'f)=7~>  I'lil'iitj^il  Uy  I<i<1il<-ii,(t1ii>(.1c><iri>n1.  xxxii, -Jll).  ISHB)  un  Renfrew 
mulybJBiiitc  iii  lliis  iviiy  "in  liiie  to  an  t«i'iU«ti>ry  ciniibiualion. 
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4.  Molybdenite  from  Okanogan   Co.y   Washington. 

Messrs.  Geo.  L.  English  &  Co.  permitted  me  to  examine  over 
one  hundred  crystals  from  this  locality.  Many  of  these  sug- 
gested a  pyramid  approximately  the  (2025)  found  upon  the 
crystal  from  the  Enterprise  Mine,  but  the  crystals  were  bent 
and  the  faces  bruised  and  rounded.  Etch  figures  i  to  1°"* 
across  and  six-sided  in  cross  section  were  observed  and  upon 
one  crystal  in  which  they  were  unusually  distinct  their  parallel- 
ism to  the  hexagonal  outline  of  the  crystal  was  shown  by  the 
cross  hairs  of  tue  microscope.  This  particular  crystal  also 
showed  three  systems  of  fine  lines  paralUl  to  the  edges  of  the 
cleavage  in  addition  to  a  few  coarse  grooves  perpendicular  to 
these  edges. 

The  best  measurements  were  obtained  from  a  crystal  (fig.  3) 

1 
2 


which  distinctly  showed  two  pyramids,  the  brighter  being  the 
flatter  form  but  the  steeper  form  being  more  developed.  The 
crystal  formed  one  of  a  group  and  only  two  zones  could  be 
adjusted  for  measurement.  Tlie  images  were  multiple  but  the 
groups  were  small  and  the  angles  w- ith  the  cleavage  were : 


Zone  1. 
"    2. 


30°  17'     and     41°  46' 


29   32 


Blurred 


Average  29°  54'  41°  46 

The  nearest  simple  indices  are  (10l4)  (28°  hV)  and  (2035) 
41°  23'.  If  41°  4f)'  be  taken  as  the  angle  of  the  unit  pyramid, 
the  pyramid  (10l4)  would  have  an  angle  of  29°  10'. 

A  crystal,  bent  like  that  figured  by  Knop  so  that  the  ridges 
divided  the  cleavage  into  three  areas  not  in  the  same  plane, 
yielded  an  angle  of  76°  59'  between  a  pyramidal  plane  and  the 
adjacent  portion  of  the  cleavage. 

For  (2021)  the  angle  77°  13'  has  been  calculated. 

6.  Molybdenite  from  the  Tilly  Foster  Iron  Mine,  Brewsters^  N,  Y, 

Mr.  F.  V.  Cruser  presented  the  Egleston  Museum  with  some 
ispecimens  of  molvbdenite  found  by  him  at  the  mine.  They 
occur  in  a  cleavable  calcite  associated  with  small  bright  crys- 


362         A.  J,  MoBts — (Jrystallizatwn  of  Molybdenite. 

taia  of  green  ampliibole.  f  Jn  one  crystal  eliowing  four  faces 
of  H  pyramid  two  adjacent  faws  intersected  in  an  edge  whieb 
permitted  eareful  adjustment  on  the  Fuess  goniometer.  Each 
yielded  a  bright  image  of  tlie  signal  wbich  was  only  slightly 
distorted  horizontally.  The  five  readings  of  each  face  varieJi 
with  respect  to  the  mean,  to  the  nearest  ualf  minute  as  follows : 

Firat.  SMond. 

-14i  +0j 

+   4i  -6i 

+  ^  -^ 

-  H  +84 

The  angle  ohtained  was  54°  OS',  which  correaponds  to  an 
angle  with  the  cleavage  of  65°  3]'.  The  angle  for{loll)on 
the  Frankford.  Pa.,  crystals  is  65°  35'. 

6.  Molybdenite  Jrom  Warren,  N.  B. 

In  an  old  suite  of  molybdenite  specimens  in  the  Egleston 
Museum  I  found  a  number  of  small  doulily  terminated  crys- 
tals three  tif  which  gave  with  the  hand  goniometer  for  all 
faces  an  angle  with  the  cleavage  between  54°  and  55°.  The 
pyramidal  faces  were  striated  and  most  of  them  curved  and 
the  cleavage  was  curved. 

One  cryKta!  (fig.  4)  showing  twelve  pyramidal  planes  was 
rongiiiy  oriented  on  the  two-circle  goniometer  by  the  bent 
cleavage.  Three  faint  signals  were  obtained  with  ^  respec- 
tively 00°,  120°  and  240°,  which  were  approximately  p  =  90°. 
The  crystal  was  then  readjusted  until  these  signals  were  accu- 
rately p  =  90°. 

The  results  were  analogous  to  those  obtained  with  the  Aid- 
field  crystal,  that  is  images  of  the  collimator  signal  were 
obtained  for  two  different  positions,  each  of  which  corre- 
sponded to  a  general  illumination  of  the  surface.  Jn  this  case, 
however,  both  corresponded  to  oblique  angles  (pyramids).  The 
results  were 


bT,"  15'  Twoim; 
.'.4    30    Bi-iglit  ii 


The  simplerit  interpretation  of  these  angles  is  that  they  corre- 
spond to  (20i!3)  and  (lOTl),  for  which  the  corresponding  calcu- 
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lated  angles  are  55®  45'  and  65®  35'.  Helativeh/  thej  are 
fairly  close  to  calculated  angles,  for  a  unit  angle  of  64®  27' 
wonld  require  for  (2023)  an  angle  of  54®  21'.  It  is  not 
unreasonable  to  snppose  an  error  in  orientation  or  in  the  read- 
ing of  the  faint  prismatic  signals  which  would  diminish  both 
angles  about  the  same  amount. 

The  conclusion,  therefore,  is  a  dominant  pyramid  (2023) 
with  striations  due  to  an  oscillation  between  this  and  (lOll) ; 
the  prism  (lOlO)  present  as  a  slightly  developed  modification. 

7.   The  Knop  and  HOrnes  Measurements, 

The  crystals  from  Auerbach,  Hesse,  examined  by  Knop,*  were 
parallel  plates  often  with  curved  lameUae.  No  regular  twin 
striations  but  frequent  wrinkling  which  appeared  to  be  perpen- 
dicular to  the  sides  of  the  hexagon  producing  approximations 
to  rhombic  thirds  of  faces.  Measurements  did  not  give  any 
constant  angles  between  these  *  thirds,'  which  were  evidently 
results  of  bending  or  wrinkling. 

Although,  as  might  be  expected,  these  bent  crystals  gave  no 
constant  angles,t  it  is  noteworthy  that  the  averages  both  of  the 
angles  with  the  cleavage  and  the  angles  between  adjacent  faces 
closely  approach  those  of  the  unit  pyramid. 


Adjacent  faces. 

Faces  with  cleavage 

60°  07' 

71°  0' 

56   49 

69   04 

66   37 

57   20 

Average     64°  31'  65°  48' 

The  Frankford,  Pa.,  unit  pyramid  (lOll)  lias  angles  respec- 
tively 54°  10'  and  65°  35'. 

With  respect  to  the  crystals  from  Greenland,  Homes  states : 
"  I  have  measured  the  crystals  from  Narksak  and  found  the  pyra- 
mid 123°  45',  140°  bV^X  Kcungott  reexaniined§  the  crystals 
and  accepted  the  proof  of  their  hexagonal  form  but  pronounced 
the  pyramid  dubious,  attributing  it  to  the  slippnig  of  curved 
prisms  and  to  tapering,  but  states,  "one  small  crystal  only 
showed  a  fairly  distinct  acute  hexagonal  pyramid." 

Hintzel  gives  these  angles  as  pc  =70°  28^'  and  pp  =56°  15'. 
There  appears  to  have  been  a  slight  error  here,  as  for  pp  = 
56^  15',  pc  =  70°  31i'.  This  corresponds  to  (5054),  for  which 
the  calculated  angle  is  70°  03'. 

*  Smnmarized  from  Neaes  Jahrb.  f.  Min.,  1848,  p.  43. 
'  Obtained  by  attaching  mioa  to  the  faces. 

Uebenicht  Dantell.  des  Mohsischen  Min.  Syst.,  1847,  p.  115. 

iMin.  Fonohnngen,  1856,  p.  104.         |  Mineralogie,  voL  i,  p.  104. 
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Summari/  of  Molybdenite  Meastirement*. 

AaBUming  the  unit  of  Bniwti,  viz.,  a  pyramid  o  making  an 

angle  co  with  the  cleavage  e^iial  fi5°  35'  from  which  c  =1'908 

is  calculated,  the  observationB  may  be  sammed  up  as  follows : 

the  angles  with  the  cleavage  being  given, 

£aeal  pinacoid,  c  {0001).      Kol  obaerved  except    possibly  on 

Euterprise,  Ont.  crystal. 
J'riam,m  [^olO).     Fraokford,  Pa.,  sometimes  prominent,  Aid- 
field,  Quebec,  as  part  of  Btrialioim  ;  Warren,  N.  H.,  iraoea. 
Pyramid,  g(303l).     Calculated  angle  81°  24'. 

ObBcrved  at  Frankford.  Pa,     Measured  angle  81"  31'. 
Ih/ratuid,  p  (20^\].     Calculated  angle  77°  13'. 

fFrankford,  Pa 77°  15' 

,,  ,         ,  Aldfield,  Quebec 77    18 

Measured  angles        t;^pe  Breton 77    U9 

[  Okanogan  Co.,  Washington  70   60 
J*yramid,  r(50o4).     Calculated  angli-  70°  03'. 

Obaerved  at  Narksak,  Greenland,    Measured  angle  70"  31J'. 
Pyramid,  o  (lOio).     Unit  angle,  Frankford,  Pa.,  65°  35'. 
i  Tilly  Foster  Mine   --,   65°  Jfl' 

Measured  angles    -]  Auerbach,  Hesse 65    48 

(  Warren,  N.  H 64    27 

Pyramid,  t  (20^3).    Calculated  angle  55°  45'. 

Tlie  Warren,  N.  H.,  antfles  for  ihis.  54"=  43'.  and  unit  are  rela- 
tii^tly  close  for  these  indices  but  low  for  the  Brown  unit. 
Pyramid,  a(-2025).    Calculated  angle  41°  23'. 

,,  ]         I        t  Enterprise,  Ontario 41°  26' 

Measured  angles    j  okanogan  Co,,  Washington.   41    46 
Pyramid,  m  (]0T4).    Calculated  angle  28°  51'. 

On   Okanogan  Co.,  Wash.,  the   angle  29°  54'  was  obtained, 
which  was  near  these  indices  for  2025  =  41°  46'. 
Colnmbin  Univeraity,  Juuuary,  1S(I4. 
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Abt.  XXXIII. —  The  Behavior  of  Typical  Hydrous  Chlorides 
when  heated  in  Hydrocjin  Chloride ;  by  F.  A.  Gooch  and 
F.  M.  McClenahan. 

(CoDiributioDS  from  ihe  Kent  ('hemical  Laboratory  of  Yale  University — CXXVI.) 

The  halogen  salts  of  the  metals  are  convertible  by  the  action 
of  water  to  oxy-salts,  hydroxides,  or  oxides  with  varying 
degrees  of  readiness.  In  order  that  water  may  act  hydrolyti- 
cally  upon  barium  cliloridc,  for  example,  with  liberation  of 
hydrogen  chloride  and  substitution  of  oxygen  for  chlorine,  the 
temperature  of  the  system  must  approach  low  redness,  while 
magnesium  chloride  is  attacked  at  a  much  lower  temperature, 
and  aluminum  chloride  is  extremely  sensitive  to  the  metatheti- 
cal  action  of  water.  These  reactions  follow  the  indications  of 
the  heat  moduli  of  the  transformations.  To  effect  the  meta- 
thesis between  barium  chloride  and  water,  with  f(»rmation  of 
barium  hydroxide  and  hvdro^en  chloride,  a  verv  considerable 
accession  of  enerj^v  from  without  the  system  is  needed ;  the 
similar  reaction  between  magnesium  chloride  and  water  requires 
less  reinforcement  from  the  outside;  while  the  reaction  between 
anhydrous  aluminum  chloride  and  water  takes  place  easily. 
When  a  hydrous  chloride  is  heated  to  the  temperature  of  decom- 
position, the  products  will  be  the  anhydrous  chloride  and  water, 
or  hydrogen  chloride  and  an  oxychloride,  oxide  or  hydroxide, 
according  to  the  nature  of  the  particular  chloride  under  experi- 
mentation. Hydrous  barium  chloride,  BaCl^^IIgO,  parts  with 
all  its  water  and  becomes  anhydrous  at  100°  G.;  the  hydrous 
magnesium  chloride,  MgCl,'6II/)  may  lose  a  laige  part  of  its 
water  at  temperatures  considerably  above  100°  witliout  apprecia- 
able  loss  of  chlorine,  but  exchanges  chlorine  for  oxygen  with 
formation  of  hydrogen  chloride  at  higher  temperatures ;  while 
hydrous  aluminum  chloride,  AlCl^'GII^O,  loses  water  only  with 
simultaneous  formation  of  hydrogen  chloride  and  exchange  of 
chlorine  for  loxygen  at  100°,  and  at  temperatures  at  which  all 
water  is  removed  is  converted  to  aluminium  oxide. 

It  is  obvious  that  in  those  cases  in  which  hydrulytic  decom- 
position takes  place  at  temperatures  below  those  at  which  the 
tendency  to  reversal  ceases,  the  rate  of  decomposition  must  be 
affected  by  the  concentrations  of  the  active  products  of  decom- 
poeition.  So  it  is  natural  to  expect  that  an  increase  in  the 
concentration  of  hydrogen  chloride  in  the  system  will  serve  to 
restrain  hydrolytic  action  and  decomposition  of  the  chlorides 
at  temperatures  of  incipient  hydrolysis.  Dumas*  tried  to  take 
advantage  of  this  principle  in  the  preparation  of  anhydrous 
magnesium  chloride,  free  from  oxide,  by  prolonged  drying  of 

»  Ann.  Chim.  (8).  Iv,  137. 

Am.  Joor.  Soi. — Fourth  Series,  Vol.  XVII.  No.  101.— Mat,  1904. 
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tbo  bydroiis  chloride  in  nii  atmosplu-re  ni  liyiJrogeii  clilorido, 
Lnt  Bt  the  teiiijieratiire  of  incipient  redneeie  at  which  Dnmiui 
worked  the  reversal  of  the  liydrolytic  eflecl  is  slow  and  cHllioutt. 

In  the  case  of  H  liydroiis  ctiloridu,  like  huriam  t^hluride, 
which  sliows  110  tendeuej"  tJ)  nnderoo  hydrolyt,ii>  de<>om|Kwitiun 
Rt  teiii}»erat.ure8at  wiiich  tlie  water  ib  completely  remov^i,  there 
seeiRfi  to  be  no  reaoou  for  miticipntlnji;  any  marked  effect  upon 
the  progreBB  of  the  dehydration  when  hydrogen  chloridn  is  made 
the  snrroundinj!;  ntitio^phere  instead  of  air.  With  a  hydrous 
chloride  which  evolves  hydrogen  chloride  at  the  temperature 
of  dehydration  and  forms  an  oxychloride,  oxide  or  hydroxide 
the  case  ia  different.  In  such  a  case  the  effect  of  enonnoualy 
increaeing  the  concentration  of  hydrogen  chloride  in  the  eysrein 
at  the  temperaturee  of  incipient  hydrolysis  will  naturally  be  to 
restrain  the  hydrolysis;  but  whether  the  rei^ult  will  be  the 
formation  of  u  chloride  of  lower  t'outent  of  watc-r  or  an 
increased  stability  of  the  hydi-ous  chloride  for  some  rangf  of 
temperatnre  will  turn  upon  tbo  affinity  of  the  luibydroue  chlor- 
ide for  water. 

Ill  the  pruce^e  of  deliydmting  bydroiiH  aluminum  chloridv, 
for  example,  an  increase  in  the  concentration  of  hydi-ogen  chlor- 
ide in  the  system  will  tend  to  retard  the  exchange  of  liydrosyl 
for  chlorine  at  the  teiuporature  of  incipient  hydrolysis;  but 
whether  tbc  result  of  snoli  retardation  will  be  the  formation  of 
the  anhydrous  chloride  or  simply  an  extension  of  the  ranp:e 
iif  tL'iii|ieratnre  for  iibicli  the orifriiial  hydri.>ii*  (.■hlorido  is  stabK- 
is  not  immediately  obvious,  tliougb  the  high  degree  of  attrac- 
tion existing  between  anbydrons  aliiniininn  chloride  and  water, 
lis  indicated  in  the  large  heat  of  hydration  of  that  salt,  would 
seem  to  suggest  the  latter  alternative. 

In  the  work  of  which  an  account  follows  the  effect  of  siih 
titituting  an  atniospbere  of  hydrogen  chloride  for  ordinary  air  in 
experiments  upon  the  deliydration  of  typical  hydrous  chloride^i 
was  studied.  liarium  chloride  as  the  repi-esentative  of  salts 
which  lose  water  without  other  decomposition,  magnesium 
chloridi'  whieb  suffers  some  loss  of  chlorine  when  fully  dehy- 
dnitcd.  and  iduminuin  chloriilc  wliieli  loses  all  its  chloriui' 
wbeu  siniihirlv  debvdrated,  \vlt,>  the  bvdrous  chlorides  taken 
for  tlic-c-c.\perinu-iits. 

In  tbcsi!  e.\pei'inient>  two  (-oNibiistiini  tuljcs  of  large  size  .hm 
!mrizuiitiiHv  .-.ide  1)V  ^idi' in  ;i  tuhulati-d' piiraHine  hath  served 
:i>  iK'nlinir-c^biiiiibers.  Kncli  tube  \\:i>  litt.-<l  with  a  tberniomet.T 
and  rn,niWl.-il  thr.mi:!i  a  drvin-  hull,  and  c.ilumn  with  an  aspi- 
rator. I*MrtiuH>  .if  tlu-  livdr.Mis  vliiuride  to  be  treated  wm- 
wcii;bi-<l  iutu  |i.in-i'laiii  boats.  ( )nv  nf  lin^se  l^oat^  was  inserted 
in  .:uHi  tub,'  uliuut  n,idn-^u  in  tlu-  liatli  (healed  to  a  retruhiti-d 
Ivhip^TatUi-ej  aud  iiiiiiioiiatHv  Ix'Iow  tlic  Imlb  of  the  tbermoui- 
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eter,  so  that  the  temperature  of  the  material  in  the  boat  might 
be  indicated  by  tlie  thermometer  as  nearly  as  possible.  Through 
one  tnbe  was  drawn  slowly  a  current  of  air  purified  by  caustic 
potash  and  sulphuric  acid,  and  through  the  otlier  was  sent  a 
slow  current  of  hydrogen  chloride,  generated  in  a  Kipp  gen- 
erator by  the  action  of  sulphuric  acid  upon  sublimed  ammonium 
chloride  in  lumps.  At  the  expiration  of  a  definite  period,  the 
boat  w-as  withdrawn,  placed  in  a  desiccator  and  weighed  after 
a  suitable  interval  for  cooling.  The  residue  in  the  boat  was 
dissolved  in  water,  acidulated  with  nitric  acid  and  the  chlorine 
in  it  was  precipitated  by  silver  nitrate,  the  silver  chloride  being 
weighed  on  asbestos.  Tlius  it  was  possible  to  determine  directly 
the  loss  of  water  and  chlorine  from  individual  portions  of  the 
salt  under  experimentation  during  definite  intervals  and  at 
fixed  temperatures,  both  in  an  atmosphere  of  hydrogen  chloride 
and  in  air,  and  to  find  for  each  individual  portion  under  experi- 
ment what  proportion  of  the  total  loss  was  hydrogen  chloride 
and  what  w^as  water.  The  tabular  statements  and  the  diagrams 
show  the  course  of  decomposition  of  the  various  salts  for  the 
temperatures  indicated. 

Hydrous  Jiarlum  Chloride. 

For  the  experiments  with  barium  chloride  a  well-crystallized 
specimen  showing  by  analysis  a  normal  content  of  chlorine  was 
taken.  During  the  process  of  dehydration  at  temperatures 
ranging  as  high  as  100°,  at  which  point  all  water  wa.s  exj)elled, 
there  is  no  evidence  of  loss  of  chlorine,  and  the  course  of 
dehydration,  as  would  be  anticipated,  appears  to  be  wholly 
uninfluenced  by  the  presence  of  hydrogen  chloride. 

The  slight  increase  in  the  chlorine  generally  found  in  the 
salt  after  exposure  to  the  atmosphere  of  liydrogen  chloride  may 
be  properly  attributed  to  occlusion  or  adsorption  of  hydrogen 
chloride.  The  data  of  individual  experiments  are  gathered  in 
Table  I,  p.  368,  and  the  general  course  of  action  is  followed 
in  the  diagram. 

Hydrous  Maf/ncsittm  Chloride. 

Similar  experiments,  the  data  of  which  are  given  in  Table 
II,  were  made  with  hydrous  magnesium  chloride  dried  in  vacuo 
over  sulphuric  acid  and  of  neany  ideal  constitution. 

So  far  as  these  results  go,  it  a])pears  that  the  loss  of  chlorine 
during  the  process  of  dehydration  of  the  hydrous  magnesium 
chloride,  MgCl/OlIgO,  is  generally  small  until  a  temperature 
approximating  200°  is  reached;  that  at  temperatures  between 
100°  and  130°  hydrogen  chloride  generally  restrains  dehydra- 
tion, while  above  that  temperature  cTehydration  progresses  more 
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Ba 56  24 

CI, 29-02 

2H,o ur* 
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8""-   I  oBnt.      «""■ 


Varia- 
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0-*904  lO-Ori  1  Il4-4fl0-142a'e9-(i2;  0-00 
0-4272  !0-n93O|l4'7n|o-l2Sa  28  931—0  OB 


C67 

♦  1 

7-27 

Itl 

7-20 

7-Sl 

7 -(HI 

7-39 

13-3T 

U-18 

14-60 

1 1 

U'64 

ii 

i-aiikily  ill  tlie]>rfiieiK:e(if  liydi-o^en  cliloviile.  Ilydruguji  c 
idc  appciii-s  to  iiit]iii?iK-e  in  no  vitv  niiii-kcd  mid  regular 
the  Ii.ss  of  tlie  tiret  tliinl  yf  tlio  n-ater. 
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Atmos- 
phere. 


1 


3- 


6- 


(  Air 
]HC1 

Air 
HCl 

Air 
HCl 

Air 
HCl 

Air 
HCl 

Air 
HCl 

Air 
HCl 

Air 
HCl 

Air 
HCl 

Air 
HCl 


6 


I 


7- 


8-^ 


93 


0- 


1  -^ 


2- 


j 


Air 
HCl 

Air 
HCl 

jAir 
*  (HCl 

j  Air 
(HCl 

j  Air 
\  HCl 


Weight 

taken. 

ffrm. 


0-5004 
0-4330 


Loss  on 
heating. 


Chlorine  in  residue. 


grm. 


Per 
cent. 


grm. 


0-5139  0 


0-4310 

0-7281 
0-6093|0 

0-7193|0 
0-61830 

0-28540 
O-2453'o 

0  5036  0 
0-4591  0 

0-6679JO 
0-5012,0 

0-5893  0 
O-5145'O 

0-5012i0 
0-45420 

0-4249  0 
0-4176  0 
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0-3662i0 


6 


0-35830 
0-3300|0 

0-3918  0 
O-3964'O 

0-36180 
O-3695'O 

0-333o!o 
0-32090 

,0-27280 
0-358310 


0093,  1-851 
0046'  1-06, 

018l'  3-52 

oiioi  2-55' 

03871  6-31! 
0240|  3-93 

1026  14-26 
0900' 14o5' 

0497117-41' 
0405  16-51 

0927  18-41, 
079917-40 

1611  24-12 
0908  18-1  r 

1404123-82' 
1018  19-78| 

131426-21! 
0944'20-78 

104324-55 
1104'26-44' 

1511  30-89' 
1093  20-85, 


f 


0-1781 
0-1503 


I 


0-2483 
0-2155 

0-9913 

0-8486 

0-1755 
0-1599 

0-2327 
0-1750 

0-2055 
0-1801 

0-1678 
0-1586 

01480 
0-1461 

01 721 
0-1283 


Per 
cent. 


— Water 

Varia-   |  evolved, 
tionfrom'      Per 
theory.  ^     cent. 


Time, 
hrt. 


34-66 
34-87 


•21 
•00 


1-85 
1-06 

3 
2 


•31  )  I 
-65  ) 


0452  12-61; 
0503' 15-24 

0716  18-27 
0811  •20-46 

1057  29-21 
12-25'33-15 

107932-40 
142644-44 

1156  42-38 
1671.46-641 


0-1240 
0-1151 

0-1359 
0*1376 

0-1240 
0-1278 

0-1091 
0-1143 

0-0900 
0-1179 


34-52 
34-85 

34-79 
34-60 

34-85 
34-83 

34-84 
34-91J 

34-87; 
35-00 

33-48 
34-92 

34-85 
34-99 

3519 
35-04 


+ 


+ 


•35 
•02 

-08 
-27 

-02 
-04 

•03 
•04 

-00 
-13 


-1-39 


4- 
+ 


•05 

•02 
•12 

•32 
•17 


34-6I|—   -16 

34-88+    -01 

34-69'—    -18 
34-71|-    -16 

34-27|—    -60 
34-59  —    ^28 

32-76J  — 2^11 
35-6ii4-    -75 

33-20J  — 1-67 
32-90—1-97 


13-90  ) 
14-51  [ 

,17-33  j 
16-23  j 

18-39  j 
1 17-36  f 

24-09  ) 
18-15  ) 

23-82  i 
19-91  \ 

24-78  i 
20-83  f 

124-53  i 
26-56  ) 

31-21  ] 
30-02  f 

,12-45 
16-25 

j  1 8-09 
120^30 

'28^59 
32-86 

30-13 
45-21 

40-66 
44-61 


4 


\ 


Tem- 
pera- 
ture. 


50 

60 

I 
,  70 

I  90 

I 
I 

100 

I 

I 
1 105 

no 

115 
120 
125 
130 

155 
165 
195 
205 
215 


Hydrous  Aluminum  Chloride, 

Pure  hydrous  aluminum  chloride,  A1C1,-6H,0,  was  made  by 
dissolving  the  C.  P.  hydrous  chloride  of  the  laboratory  in  the 
least  possible  amount  of  aqueous  hydrochloric  acid,  iiltering 
the  solution  through  asbestos,  and  saturating  the  clear  solution 
with  gaseous  hydrogen  chloride.  The  crystallized  chloride 
thus  obtained  was  collected  on  asbestos  in  a  perforated  cone. 
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washed  with  coiieeutrBtorl  hyiiroelilorio  acid,  sucked  as  dry  »<> 
jKiasiltle  by  the  pump,  and  oxjiosed  aeveiity-two  hours  m  a  desic- 
cator containiug  quicklime,  to  absorb  free  hvdroj^n  chloride. 
06  well  m  Bulpliuric  acid  to  taku  up  wat«r.  't'he  coiTiposition 
of  the  product  was  tixod  by  determining  the  ahiminum  a«  the 
oxide  by  ignition  with  mercuric  oxide,*  and  the  chlorine  hy 
precipitation  witli 
analyses : 


silver  iiitriitc,  iw  sliowii  in   the   foIJowiii 


iiie  4303 

r  (by  difference).,   44'Sl 


Aii»ly«iii  II, 
11-31 
i4-1S 
44-61 


Theory  li>t 

Aia,«H,0. 

J I '20 

44-05 

44-75 


100-00  100-00 


Weiglie<l  portionii  of  this  preparation  lost  practically  nuthiuu; 
in  three  weeks  at  the  ordinary  tenipei-itture  over  sulphuric  acid, 
calcium  chloride,  and  pbos]>hon)UM  pentoxide,  and  remained 
ahnost  uTichanged  when  Jioatt'd  to  98°. 

Tlie  details  of  two  ])aral]el  series  of  experiments  in  which 
portions  of  the  hydnius  aliuiiiniim  chloride  were  heated  in  air 
or  in  a  current  of  livdroiren  chloride  arc  reconted  in  Table  III. 
and  theeoni-seof  tl'iech'jiii-c 
various  tcmpenifurcs  in  air  an 
in  tlifi  iliiijrrnm. 

h'l-om  tlic  results  of  these  experiments  it  appears  that  tlie 
iTihiliitivc  iietinii  uf  tin-  atnmsphere  id'  hvdi»wen  chloride  npon 
the  dehvd ration  of  liv.lr.ms  aliimimiiii  cldoride  is  marked  at  the 
lower  tcmncratnrcs.  *    While   the   liv.iron^  salt  when   heated  in 


weijrlit  and  loss  of  chlorine  at 
n  livdrojren  chloride  are  sliown 
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re. 


r 
31 

r 
31 

r 
31 

r 
31 

r 
31 

r 
31 

r 
31 

r 
31 


Table  III. 

Al 11'20  per  cent 

CI    44-05         " 

6H.0 44-75         " 


100-00 


Series  I, 


Loss  on 
heating. 


Weight 

taken. 

grrm. 


grm. 


Per 
cent. 


Chlorine  in    I  |  '  ' 

residue.  hci  '  ' 

-  I  lost.  .    Water      Time.  Temper- 

'  Per  l„  »o8t.     I    hrs.       ajH^- 

„m     I    Per  cent.  Percent.'  C«. 

*^^^'      cent.  ! 


l0-3745!00123    3-28 
;0-4419  0000G      -13 

'o-4314'o-0145    3-36 
i0'3725;0-0006|       16 

'0-3719  00261    7-02 
|o-44 13  000081      -18 

|0-3225  0-0446, 13-83 
'o-314r0-0010j      -32 

0-3725,0-l 064  28-56 
0-4583  0-0020        43 

0-6664!0-2254  39-80 
0-4503|00207'  4-60 

i0-3503  0-2185;62*38 
:0-2563;00382  14-90 

|0-3085!0-2033  65-89 
I0-5230.0-2441  46-67 


0157141-96    2-15 


0-1801  41-75    2-36 


0-1467,39-44    4-74 

I  t 


1-13 


1-00 


2-28 


01206  37-39,  6-84  6-97 

....  .....  '    ....  I     .... 

0-1022:27-43117-08  ^   11-48 

0-1182  20-87'23  82  |    15-98 

0-1860  41-30    2-83  '      VII 

0-0318    90835-99  '   26*39 

0-0911135-54,   8-75  6-15 

0-0202    6-5538-56  27*33 

00930il7-78i27-01  19-66 


Series  II. 


r 

31 

r 
31 

r 
31 

r 
31 

r 
31 

r 
31 

r 
31 


0-2292|00I35  5*89 
O-2425I0-OOOO  

0-2855-0-0234'  8*20 
0-3139  0-0002   -06 

0-3C40  0-0482  13-24 
0-2860  0-0005 1 

0-2346  0-0596  25-40 
0-2437  0-0022|   '90 

0-4178:01543  36-93 
0-2984  0-0117  3-92 

0-837510-2159  63-97 
0-3583,0-0539  15-04 

0-2426  0-1607^66  27 
0-2512  0-1105  43-99 


0-0926  40  40  3-75    2*14 


;0-1113'38-97  5-21 


0-1307 


--  I 


35-97  8-37 


2-99 

4-87 


I 


0-0687  29-36  15-10   10-30 


00944  22-59 


22-04 
2-53 


0-124141-59 

00260  7-70.37-37 
0-1258'35-llj  9-19 

0-0154:  6-3538-75 
00472'l8-79l25-97 


14-89 
1-39 

26-60 
5-85 

27-62 
18  02 


101 
104 
110 
120 
133 
140 
150 
162 


103 
110 
120 
130 
138 
153 
160 
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air  loses  water  appreciably  at  101",  the  loss  in  an  atmosphere 
of  hydroften  chloride  is  nol  ciftisiderable  iinlil  the  temperature 
rises  to  about  130.°  In  both  cAsee,  however,  loes  of  weietil 
18  accompaaied  by  hydrolytic  action.  At  the  oiitfict,  for 
every  gram -iiiol ecu le  of  water  lilientted  approximately  n.  gram- 
tnulecnleof  hydrogen  chloride  is  eliminated:  later  the  propor- 
tion of  water  to  the  liydroireii  chloride  increases,  t>ecflu»e,  im 
donbt,  the  ahnninnm  hydroxide  tiret  formed  begins  to  lot^e 
water. 


Discussion  of  Jiasults. 

It  appears  that  hydrogen  chloride  is  witliout  influence  of  any 
kind  in  the  dehydration  of  hydrous  barinm  chloride,  BaCI/ 
211,0,  at  teiujKfratni-cs  not  exceeding  100°,  at  which  the  pnn't'si' 
is  complete. 

In  dehydrating  hydrons  nmgnesinni  chloride,  MgCl,M'H,(X 
hydrogen  chloride  appears  to  have  little  or  no  effect  upon  the 
loss  of  the  fii-st  third  of  the  water  (which  may  he  removed  si 
100°),  to  net  in  restraint  of  the  process  of  deliydmtion  wheti 
the  salt  is  placed  at  once  in  an  atmosphere  heated  to  a  juiiiit 
between  ino'  nnd  13(i°.  and  to  aid  detivdration  at  teniiieratiirt-- 
above  Uu°.  Tbu  hydrolyticdissoiiintii.n  of  the  salt  is  not  wvy 
marked  in  i-iiher  air  or  hvdrogcii  chloride  nntil  the  teniperiiHire 
api)ri.iichcs  ^0(1". 

Thedcliydnitioii  of  aluuiiiitun  Hihrnd. 
itcd  hv  an  atnio.,])lH-re  •>(  livdni-icji  clilnj 
of  ahont  VMi'    i-  rca.-hcd. '    Al>. 
100°.  water  and  Imin.gL-n  clilni 

In  attempting  to  account  fui 
lallization  to  the  general  niulc 


\iri,-(Ul,().  is  itdnl>- 

Inride  until  a  te in ]>e ratlin' 
at  ]ioiul,  as  in  air  abivi' 
.■  evolved  sinuilCaneoiisly. 
■elation  of  water  of  crye- 
-on tig II ration  of  hydroiii 
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ridee,  Oashman*  has  proposed  to  make  nse  of  the  hypothe- 
>f  quadrivalent  oxygen  in  a  way  to  show  linkings  of 
ager  and  weaker  combination.  Those  molecules  of  water 
3n  are  held  more  firmly  than  others  are  placed  within  the 
ocular  complex,  wliile  those  molecules  of  water  which 
it  of  easy  removal  without  affecting  the  constitution  of  the 
irdrons  salt  are  attached  externally.  According  to  Cush- 
,  the  hydrous  thallic  chloride  may  be  represented  by  the 
bol 

II  C1  =  0< 


J>0=C1-0~T1<^ 


""^  i\        ^ci 


eh  by  placing  a  single  molecule  of  water  within  the  com- 
;  brings  to  view  the  observed  fact  that  at  the  ordinary 
oephenc  temperatures  one  molecule  of  water  is  held  more 
ly  than  the  other  three.  The  easy  transformation  of  this 
by  the  action  of  hydrochloric  acid,  as  observed  by  Meyer,t  is 
ibited  by  a  comparison  of  the  symbol  with  that  of  the 
•rthallic  acid  derived  from  it. 

H— Cl  =  CI-0-Tl\  „ 

the  molecule  of  hydrous  aluminum    chloride   Cushman 
:e8  the  suggestion  that  the  water  is  held  in  three  linkages 

H      II 

H     H 
lin  the  complex,  according  to  wliicb  the  symbol  would  be 

h"   H 

ci  _(i  _ci 

/A    ik 

X     H       H 

Ai ly—6  —CI 

H      H 

iy—6  — Ci 

km.  Ohem.  Jonr.,  zzvi,  505.  fLoo.  oit. 
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This  riytiibol  brings  out  tlie  experiitieiitfti  fatrt  thut  water  cauiiot 
be  i-timiiiatod  without  gimiiltatiL'oiis  liberation  of  bvdrogen 
cliloi-ide,  »t  lea«t  in  the  Hr^t  reaction,  and  sIiowh  tttat  from  a 
molecule  thus  constitnlcd  the  funntition  of  aluminiim  hydrox- 
ido  or  oxide  witli  evolution  of  wuter  and  Itydrogen  chloride 
would  fieeni  to  be  natural. 

A  little  consideration  makes  it  obvious,  however,  that  the 
decompositiou  of  h  molenule  containiug  the  group 
11     H 

_u_6— CI 

need  not  in  every  case  result  finally  in  the  eliminatioti  of  all 
chlorine  as  hydrochloric  acid  and  the  formation  of  the  metallic 
liydroxido,  osy hydroxide,  or  oxide.  Wbon  oonditioDs  favor, 
there  wonld  seem  to  be  nothing  to  prevent  more  or  less  secon- 
dary reaction  of  the  liberated  hydrogen  cbloride  upon  the 
metallic  hydroxide  first  produced.  Whether  snch  secondary 
reaction  will  take  pla^-tj  in  any  given  ca«?  will  depend  largely 
upon  the  relative  strengths  of  affinities  of  which  we  have,  at 
least  in  many  caaee,  some  sort  of  measure  in  the  heats  of 
reaction . 

It  is  not  likely,  for  example,  that  the  reaction  of  hydrogen 
chloride  npon  amminnm  oside  with  formation  of  aluminum 
chloride  and  gaseous  water  will  take  place  to  any  considerable 
degree  wiien  tlie  heat  (if  such  reaction  would  be  negative  to 
the  extent  of  approximately  i7,O0ilcal.  for  every  gram-molecule 
of  atuminnni  oxide  converted.  On  the  other  Land,  it  i^  not 
unreasonable  to  look  for  fiome  convertion  of  magnesium  oxide 
to  magnesium  chloride  by  a  reaction  which  involves  the  libera- 
tion of  approximiitely  llt.lino  calories  to  the  gram-molecnie  of 
miignesium  oxide  attiicked.  So  it  appears  that  an  inner  link- 
age such  !is  is  suggested  by  Cusliman  might  possiblv  exist  in 
the  eiise  of  sncli  a  salt  as  Iiydrons  niagnesinm  chloriae  witliont 
coming  very  riincli  into  evidence  l)y  reason  of  the  evoluticm  of 
hvdrogeii  eliloriile  iiiiii  foniiation  of  magnesinm  livdroxide  or 
oxide  when  the  salt  is  lieutcd. 

Turning  iinw  to  the  (-(nisiileration  of  what  is  likely  to  oeeur 


heated  in    prescnt-e  nf  hydrngcn  i-liluriile,  it  is  obvions   that 
e  lirst  elfeut   uf  inureu.-iiig   the  eouceiitratioTi    of   hydrogen 
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chloride  at  the  temperature  of  incipient  decomposition  would 
be  to  reverse  the  action  of  decomposition  and  to  hold  the 
hydrous  salt  in  a  condition  of  greater  stability.  In  the  case  of  a 
3alt  which  when  heated  evolves  all  its  chlorine  this  inhibitive 
Eiction  would  be  the  only  effect  observed.  In  the  case  of  salts 
which  give  in  the  decomposition  hydroxides  or  oxides  capable 
of  reacting  with  hydrogen  chloride  under  the  conditions  with 
the  formation  of  an  anhydrous  chloride,  the  effect  of  heating  in 
an  atmoHpliere  of  hydrogen  chloride  might  also  be  increased 
stability  for  a  certain  range  of  temperature,  but  this  limit  of 
stability  once  passed,  a  second  effect  of  the  hydrogen  chloride 
tending  to  increase  the  rapidity  of  the  formation  of  the  anhy- 
drous chloride  and  so  to  produce  a  more  rapid  evolution  of 
water  from  the  salt  as  compared  with  the  amount  of  water  set 
free  from  the  salt  lieated  y>t'>*  ^^  at  the  same  temperature  might 
become  prominent.  It  is  to  be  expected  that  one  and  the  same 
salt  might  exhibit  each  of  these  effects,  the  one  restraining 
dehydration  and  the  other  aiding  it,  at  appropriate  tempera- 
tures. 

Now,  returning  to  the  salts  under  investigation,  we  find  that 
the  experimental  results  fall  very  well  into  line  with  the  assign- 
ment of  symbols  according  to  Cushman's  hypothesis. 

The  symbol 

C1  =  0< 

ci 


MI 


suggests  the  observed  easy  detachment  of  water  and  the  absence 
of  Si  effect  of  decomposition  of  the  chloride  when  the  water 
is  removed  at  100°,  and  suggests  no  reason  why  any  special 
effect  should  be  anticipated  when  liydrogen  chloride  is  made 
the  medium  in  which  dehydration  takes  place. 
The  symbol 

M      H 

(^_(^_C1 

/A       l\ 
H       II 

Ai^ 6  — 6 —CI 

li  l\ 

II       H 
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indieati>B  the  ex]>erimeiital  fact  that  water  cannot  l>e  removed 
from  the  salt  without  Himiiltaueouti  breaking  ont  of  hydrogen 
chloride  at  least  in  Urn  primary  action,  and  Bugcests  thftl 
increase  in  tiie  eoneentmtion  of  hj^droeen  cliloride  m  the  sys- 
tem should  retard  the  dehydration  of  the  salt,  as  was  obeerTed. 
The  Bvmbol 

^}       "  U 

^o  —  6— ci  =  o/ 

No  — O— C1=0( 

shows  that  one-third  of  the  water  in  the  salt  should  be  evolveii 
easily  and  without  hydrolytic  effect.  Thereafter,  the  atmos- 
phere of  hydrogen  chloride  will  act  to  increase  the  stability  of 
the  chloride  now  containing  four  molecules  of  water  within 
the  complex  and  m  to  limit  the  rate  of  ddtydration  as  compared 
with  that  in  air  for  boihc  range  of  teniperatnre,  as  was  observed 
between  100°  and  130°,  Tne  limit  or  increased  stability  ouw 
passed,  the  rate  of  dehydration  will  depend  upon  the  predom- 
inance of  the  primary  effect  of  decomposition  with  lioeration 
of  water  and  Lydrof^ea  (^loride  or  oi  the  secondary  action 
of  hydrogen  chloride  tipon  the  residual  oxide  or  hydroxide. 
In  case  the  secondary  effei.-t  predominates,  the  rate  of  di-hydm- 
tion  will  Ik!  greater  in  the  atmosphere  of  hydrogen  chloride,  as 
it  was  in  six  out  of  sevon  ex])eriitieiits  at  temperatures  between 
120  and  a  15°. 

So  it  appears,  that  the  phenomena  of  dehydration  of  the 
liydrous  chlorides  under  discussion,  in  the  atmosphere  of  hydr*'- 
geii  chloride  as  well  as  wlien  heated  per  se,  find  reasonable 
expression  uixm  the  hypotl»c:sis  of  varying  relations  of  position 
of  the  water  within  the  molecular  complex,  as  suggested  bv 
Cnshnian  upon  the  assuiription  of  tjuadrivalent  oxygen.  The 
liehavioiir  of  liydrous  chlorides  in  an  atmosphere  of  hydrogen 
cliloride  sliould  in  many  ciLses  afford  means  of  differentiatini; 
tils;  water  within  the  complex  from  wnter  attached  exteriiallv. 
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Art.  XXXIV. —  ()7i  Stegomns  Longipes^  a  New  Reptile  from 
the  Tna^sic  Samhtones  of  the  Connecticut  Valley ;  by  B.  K. 
Emkbson  and  F.  B.  Loomis.     (With  Plate  XXII.) 

In  spite  of  tlie  great  abundance  of  tracks  preserved  in  the 
Triassie  sandstones  of  the  Connecticut  valley  indicating  a  rich 
land  fauna,  the  number  of  osseous  remains  is  limited  to  three 
dinosaur  specimens  and  a  portion  of  an  Aetosaurus-Iike  cara- 
jmce,  called  by  iFarsh,  Stegomns*.  On  account  of  this  rarity, 
the  appearance  of  a  new  fossil  throwiiig  light  on  the  land 
fauna,  and  on  the  makers  of  the  well  known  tracks,  is  of  general 
interest. 

Some  seven  years  ago,  while  removing  the  su[)erficial  layers 
of  sandstone  in  the  Mines  Quarry,  which  is  about  a  mile  east 
of  the  village  of  East  Longmeadow,  Mass.,  Mr.  G.  B.  Robinscm 
found  the  small  lizard-like  specimen  which  is  the  subject  of 
this  paper.  It  occurred  in  a  dense  layer  of  red  sandstone  some 
ten  leet  below  the  surface  and  immediately  above  the  thicker 
and  softer  layers  which  are  used  commercially  for  building 
stone.  The  discoverer  removed  the  blocks  containing  the  ani- 
mal to  his  door  vard,  where  thev  remained  for  about  seven 
years  exposed  to  the  weather.  They  were  seen  by  Mr.  and 
Mrs.  E.  D.  AV^hite,  who  obtained  possession  of  them  and  brought 
the  fossil  to  Springfield.  Mr.  and  Mrs.  White  kindly  placed 
this  finely  preserved  fossil  at  our  disposal  for  study  and  descrip- 
tion. 

The  specimen  consists  of  three  pieces  containing  the  major 
part  of  the  whole  animal.  All  but  a  thin  interrupted  film  of 
the  bone  has  been  leached  out,  leaving  spaces  which  are  filled 
with  calcite.  It  is,  then,  largely  a  cast,  both  the  upper  and 
lower  surfaces  of  the  bone  being  impressed  on  one  block  or 
the  other.  The  first  block  contahis  most  of  the  fossil,  the 
splitting  having  exposed  the  under  surface  of  the  bones  roof- 
ing the  Iiead,  of  the  carapace  from  the  head  to  the  pelvis  (28 
pairs  of  plates),  the  bones  of  the  right  arm  and  left  foot.  The 
second  block  contains  the  impression  of  the  upper  surface  of 
the  same  parts.  The  third  is  a  chip,  flaked  off  just  in  front  of 
the  pelvis  and  exposing  the  vertebra^  of  that  region. 

Sk^dl. — This  is  broadly  triangular  in  outline,  tapering  to  a 

Eointed  snout.  The  upj)er  surface  of  the  cranium  seems  to 
ave  been  completely  roofed  with  bone,  except  possiblv  directly 
over  the  orbit.  Two  supraorbital  bones  are  distinctly  indicated, 
but  between  them  and  the  frontals  is  a  space  which  seems  to 
have  been  open  {seei  in  fig.  ?,  PL  XXII).     Sutures  are  present 

«  Harsh,  O.  C,  1896,  this  Joamal  (4),  ii,  pp.  59-62. 
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ahowing  that  the  tieniial  hones  were  paired  ahing  the  middle 
IiDti.  The  prcmaxill^  are  ehort.  the  itaeiils  are  ratlKT  long,  but 
tjie  lioiindanea  of  the  other  honcB  cannot  be  made  out.  A 
vertical  break  shows  the  side  of  the  skull  imperfectly,  as 
restoi-ed  in  fig.  3,  PI.  XXII.  The  partis  actually  present  are 
iiidicsted  by  the  eiimplete  line,  while  restoration  is  indicated 
by  a  broken  line.  It  is  a  low  skull,  being  about  ono-third  as 
deep  aa  long.  The  quadratum  is  well  bank,  making  a  lon^ 
jugal  areh.  Au  aiitorhital  vacuity  is  present  thoogb  its  Imnn- 
duries  are  very  imperfectly  indieatcd.  The  orbit  is  moderately 
Urge,  being  diEtinetly  bounded  off  from  the  temporal  vacnitie^ 
as  indicated.  It  baa  above  it  at  least  two  supraorbital  bone^. 
That  there  is  a  large  lateral  temporal  vacuity  is  certain.  A 
forward  ptifjectioii  of  bone  in  Ihe  squamosal  region  seems  U' 
indicate  a  dividing  arcade  between  tais  and  a  supra-tomporai 
vacuity,  but  the  arcade  is  not  complete  and  is  not  therefore 
certain.  On  the  maxilla  uf  the  left  side  one  tooth  and  a  part 
of  a  second  is  prt«ervod,  showing  them  to  he  tiny  eonical  affaire. 
The  depth  of  the  lower  jaw  is  about  3""°,  being  a  light  slender 
mandible. 

Carapace. — The  dorsal  side  of  the  body  was  protected  by  a 
double  n>w  uf  plates,  on  either  side.  Those  along  the  naidllle 
line  are  wide,  tlieir  outer  edges  being  Hanked  with  small  quad 
rate  Bciitee.  From  the  head  to  the  pelvis  there  are  28  sets  of 
plates,  whieh  are  narrow  and  inflexed  in  the  neck  region. 
widen  till  the  middle  of  the  body  is  reached,  and  then  grad- 
ually tajjcr  toward  the  tail.  The  arrangement  and  relatinns  of 
tbcfic  scutew  are  seen  in  tig.  2.  Each  jilate  of  the  median  row- 
is  usually  about  4— J  1-3"""  from  front  to  Uck.  The  third  am! 
fourth,  however,  ai-o  about  half  as  wide  a«  the  rest,  while  the 
fifth  is  mnch  the  widest,  being  wider  than  the  two  preceding; 
taken  together.  Possibly  some  of  this  variation  is  due  to  thi- 
curvaturc  of  the  neck,  but  miwt  of  it  is  clearly  the  bone  iti^elf. 
The  rear  margin  of  each  soute  overlapped  the  front  of  the  suc- 
ceeding one,  (Ls  is  clear  in  the  east  of  tlte  upper  surface.  Mar.-li 
considered  tliat  in  his  speoinn.'n  tliis  was  not  the  case,  bnt  tlie 
fossil  shows  only  the  urjder  surface  of  the  scntes  and  tln'v 
appear  exuctlv  as  di>  those  in  the  ^[le(.■imen  under  descriptinii. 
Ahii-sh  uM'il  thi>  chiuii.'ter  to  di^tioiiLii^h  Stegonius  from  AOt.- 
siiiini-^,  liiit  the  el>rltrll^1^  mu-t  be  t'lumtl  in  other  cbaraeters,  il^ 
is  shown  later.  Alnii;;  the  outer  niiirs^insi  of  |)lates  5-t>  small 
.(iindrate  .-enles  \ww  i.roni,'iit  iiilo  sii;lit  bv  preparation.  Tlie 
nature  nl'  the  lu-sH  ilnc-  out  permit  further  preparation,  but 
.i.mbtle>s  siniiUr  ^(■lltes  nvrur  all  alMn<:  the  side  of  the  bod  v. 
Or]  the  I'^i-t  .it  the  upper  Mirl'aee  nf  the  scutes,  there  are  indiea- 
linii,-  tiiat  the  sui'fa<'e  wa.--  piltrd  but  the  coarseness  of  tin' 
sandstune  prevents  certainty. 

V.  ii'f'i-n; — Three  [iresaei'als  uie  e\pu^ed,  each  deeply  bieuii- 
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cave  and  with  lon<^  transverse  processes.  Two  vertebrae  only 
are  involved  in  the  sacrum,  their  moderately  long  transverse 
processes  supporting  the  ilium.  IIow  completely  they  are 
united  is  not  clear  on  account  of  the  broken  condition  of  the 
vertebrae,  but  they  appear  slightly  separated.  Three  and  a 
half  deeply  biconcave  caudals  are  all  that  are  preserved.  The 
transverse  processes  of  these  are  even  longer  than  on  the  pre- 
sacrals and  quadrate  in  section.  From  the  sacrum  back  they 
are  progressively  longer,  suggesting  a  broad  Hat  tail  such  as  is 
known  for  Aetosaurus. 

Eore  Limb, — Of  the  ])ectoral  girdle  only  the  sca))ula  is  pres- 
ent, and  this  is  a  broad  triangular  bone  1)"'™  long  by  5'"""  deep. 
Its  upper  margin  lies  ])arallel  to  small  lateral  ))lates  7-9  in  the 
series.  The  leg  is  unusually  long,  the  slender  humerus  being 
-£^inm  jjj  diameter  and  24"'"'  in  length,  a  bone  nearly  straight 
and  swelling  slightly  at  either  end.  The  radius  and  ulna  are 
but  f"""  hi  diameter  and  11)'"'"  long.  As  the  specimen  lies,  the 
radius  crosses  the  ulna,  but  whether  this  indicates  great  flexi- 
bility or  is  mere  chance  is  not  to  be  determined.  The  fore 
foot  is  lacking. 

Hind  Limb, — An  ilium  12"""  long,  the  front  and  rear  ends 
of  which  curve  strongly  outward,  is  present,  but  only  its  rough 
outline  is  to  be  made  out.  Of  the  limb  bones  only  short  frag- 
ments are  discernible,  where  they  are  broken  across;  but 
enough  is  visible  to  show  the  direction  and  diameter  of  the 
bones,  and  by  extending  these  the  length  can  be  approximately 
found.  This  indicates  a  leg  slightly  longer  than  the  fore  leg. 
The  femur  was  1^"""  in  diameter  and  26"'"'  in  length  (by 
reconstruction).  Tiie  tibia  and  iibula  are  each  about  the  same 
size,  i"'™  in  diameter  and  21'""'  long  (by  reconstruction).  The 
left  foot  is  well  ])reserved.  The  individual  tarsals  are  not  to 
be  made  out.  tour  toes  are  well  preserved,  but  a  fifth  is 
nowhere  even  indicated.  The  leiii^tii  of  the  toes  on  the  fi2:ure 
is  probably  a  little  short,  as  each  seems  incom])lete  at  the  end. 
The  metapodials  are  long,  but  the  details  of  the  toes  do  not 
come  out  with  certainty,  though  a  slight  widening  at  intervals 
was  taken  to  indicate  the  joints,  and  they  are  drawn  on  that 
supposition. 

Comparison, — This  animal  resembles  most  closely  Marsh's 
Stegonius  arcuatuH^  of  which  twenty  dorsal  sets  of  ])lates  are 
described.  It  is  a  much  smaller  species  and  presents  most  of 
the  important  features,  thus  allowing  a  conception  of  the  ani- 
mal and  its  relationships.  Stcgomus  longipes  is  about  one- 
third  the  size  of  the  preceding  species,  which  is  the  only  com- 
f)arison  readily  made,  as  Marsh's  fossil  is  so  incomplete.  It 
)elong8  to  the  Aetosauridae*  and  resembles  that  genus  in  many 
important  features,  but  there  are  enough  characters  of  weight 
to  demand  a  separate  genus,  as  established  by  Marsh.     Ornitho- 

*  Fraas  O.  1877,  Wlirttemb.  natarw.  Jabreshefte,  xxxiii,  Festschrift. 
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sucJius  and  Erpetosaiiriiii  of  Newtim*'  also  have  eonie  fenttiren 
regembliiig  S.  loriffij>e«  but  arc  far  wider  differentiated  than  the 
Germau  genue.  Aetoeanrus  has  about  twenty-five  sets  of  plates 
from  the  head  to  the  pelvis,  each  consietincof  a  median  pair  of 
large  Mantes  and  small  quadrate  seutes  outside  these.  Stogomiis 
has  abont  twenty-eight  exactly  similar  sets  of  plates. 

In  the  skull,  however,  there  are  marked  contrasts.  The  orhit 
of  both  genera  is  hounded  above  by  extra  sapraorhital  bones, 
hut  the  orbit  of  the  Aetosaurus  is  further  buck  than  that  of 
Slegomua :  the  result  of  which  is  that  the  former  has  only  a 
Hin^e  email  supra-temporal  vacuity,  while  the  latti^r  hai»  ar 
least  a  very  large  vacuity,  and  possibly  tJiat  divided  into  a  snpra- 
temporftl  and  a  lateral  temporal  viii'iiity.  The  Sttsgomus  hiw 
a  wider  ?kull  and  above  the  orbit  a  vacuity  or  at  least  a  deefi 
depression.  The  vertebite  of  Aetoflanriis  are  procreUma,  whiU> 
those  of  Stegomnii  arc  amphicfBJoue,  Omitliosuchus  lias 
platjcoploiis  vcrtebml  centra.  The  sacrum  in  tli«  other  known 
Aetosauridfc  includes  three  vertebne,  hut  in  Stegoiniie  only  two 
are  united  to  tbe  ilium.  Both  the  fore  and  hind  liiu'l)8  of 
StegomuB  are  much  longer  and  more  slender  tlian  the  A«to- 
saunts,  this  being  the  character  which  Las  sii^^sted  the  spe- 
cific name  longipes. 

The  featnres  alrave  described  show  this  fossil  to  he  the 
romains  of  a  email  armoured  lizard-like  cr^ture,  with  long  leg«. 
It  seems  to  he  a  land  form  and  of  extreme  agility. 

Tiie  following  are  tlie  measurements  of  t!ie  principal  part-: 

Length  from  snout  In  root  of  tail 149""° 

Leiigtli  of  skull 35 

Brc.idth  of  skull  in  occipital  region 27 

(29  allowing  for  fracUn-e) 

DepLli  of  skull  ill  quadrate  regiou    11 

Median  Plate  2..  _   8™™  transversclv  bv  4j  longitudiuallv 
"        Pl!ite3_..    5^  "  '    ""  2  " 

Plate  4...   5  "  "    2i 

"       Plates...   4^  "  "    5 

The  siicccediii;^  plates  gradnallv  incrca.se  transverselv  up  to 
10'"™  at  about  the  middle  of  tlie  b('.dv  and  then  slowlv  dlniinisli 
again.     All  arc  drawn  tn  scale  in  ligurc  i»,  PI.  XXif. 

Thi-  VL-rtebral  centra  in  fnnit  of  the  pelvis  are  H '  lotitr  l>v 

:'.'""•  wide.  Caiuial  vcrtebnv  :J'"'"  long  l,v  -j «-i(!c.  The  trans- 
verse process  of  tilt'  la,it  vertebi-.e  are  ti™"'  long. 

KXl'l.AN.ATlON  l)F  Pl.ATK  XXII. 


I   K.  T,   18H4.  Pliil.  TrniiB.,  vol.  .-Ixxxv,  Reptiles  of  Elgin  San 
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lrt.  XXXV. — J^ote  on  the  probable  Footprints  of  Stegoinus 

Lwigipes;  by  R.  S.  Lcll. 

The  discovery  of  a  nearly  complete  specimen  of  Stegomus 
1  the  Triassic  sandstones  of  the  Connecticut  Valley  proves  a 
Teat  boon  to  the  student  of  footprints,  for  it  at  once  affords  a 
lue  to  the  interpretation  of  a  most  remarkable  series  of  quad- 
npedal  tracks  which  arc  included  under  the  ichnite  genus 
tatrachopus  (Anisopns)  of  Hitchcock. 

Briefly  characterized,  these  tracks  were  made  by  a  series  of 
Drms  truly  quadrupedal  in  gait,  with  a  tetradactyl  pes  and  a 
>entedactyl  manus,  the  latter  beina:  considerably  smaller  and 
arely  showing  the  impression  of  all  of  the  digits ;  sometimes 
our,  generally  but  three  leaving  their  imprints.  The  phalan- 
eal  pads  are  generally  distinct  and  betray  a  formula  which  at 
nee  places  the  group  among  the  diaptosaurian  reptiles,  while 
he  acuminate  claws  seem  to  imply  a  carnivorous  mode  of  life. 

In  one  feature  this  genus  sepamtes  itself 
harply  from  most  lieptilia,  and  that  is  in 
he  extremely  long  stride  in  proportion  to 
lie  length  oi  the  pes,  the  ratio  of  foot  to 
tep  being  on  the  average  as  one  to  six ; 
hia  together  with  a  very  narrow  trackway, 
hown  Dy  the  footprints  being  nearly  in  a 
ight  line,  would  indicate  a  creature  with 
3Dg  stilted  limbs  and  a  gait  like  that  of 

cursorial  mammal.  Edward  Hitchcock 
[chnology  of  Massachusetts,  Boston,  1858,  Footprints  of  Batracho- 
.p  62,  63)  recognized  the  Baurian  natm-e  ?^V'"  Natural  ""'^t 
I  the  group,  but  could  not  reconcile  the  a  manns,  B  pes. 
imb  proportions  with  those  of  any  known 
eptile,  hence  he  reasoned  that  they  might  have  been  mammifer- 
DS.  The  inequality  of  the  fore  and  hind  feet  together  with  the 
emote  age  of  the  impressions  suggested  to  him  the  marsupials, 
nd  he  says  finally  that:  '* although  the  marsupial  type  must 
lave  predominated  the  ....  crocodilian  characters  .... 
nght  not  to  be  overlooked,  and  therefore  I  call  the  animal  a 
Loricoid  Marstipialoid,^^ 

Lull,  in  his  recent  memoir  (Mem.  Boston  Soc.  Kat.  Hist,  vol. 
',  ^o,  11,  p.  482),  thought  that  Batrachopus  might  represent  a 
urvivor  of  the  ancient  dinosaurian  stem  from  the  very  dino- 
auroid  pes,  which,  though  tetradactyl,  with  all  of  the  digits 
pointing  forward,  is  of  such  a  character  that  the  typical  dmo- 
aurian  foot  could  readily  have  been  derived  from  it  The  long- 
iuibed  Kadaliosaunis  strongly  suggested  the  genus  under  con- 

AM.  Jour.  Sol— Fourth  Series,  Vol.  XVII,  No.  101.— Mat,  1904. 
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siderattou,  wliieli  was  therefore  provisionally  placed  in  the  order 
Protorosauria  of  Secley.  A  comparison  wae  niade  liowcver 
between  BatracLopuB and  Aiititjeaiiriis,  bnt  tliose  forms  deserit>ed 
by  f'raas  lacked  tiie  proportions  iicoeseary  to  correlate  tliu  two 
genera. 

In  the  Afitiosaur  {Stegomns  IwK/ipeii),  descrihed  by  Emerson 
and  Loouiia  on  p.  37"  of  this  nnniGcr,  wc  find  a  form  whose 
Btilted  limhe  and  comparatively  narmw  i)ody  give  it  just  the 
proportions  one  would  suppose  Batmcbopna  to  have,  and  a 
careful  eoniparieon  with  the  wealth  of  material  contained  in  the 
Hitchcock  ichnoloj^ical  cabinet  of  Amheret  Ooik-Ke  seems  to 
correlate  it  beyond  douht  with  the  apeeios  Satrar/iopua  ymiyi- 
Ha  E.  Ilitchcock,  for  the  correspondence  in  size  is  exact. 

The  genus  Batrachopns  contains  tlircii  typical  Bt>ecie8,  B. 
dew&^iiniia  E.  H.,  the  type  speciM,  B.  iliapttr  Lnil,  and  Ji. 

?raeiU»  E.  H,  the  last  presenting  at  least  two  varieties  differuiR 
rom  each  other  mainly  in  «iec,  cucli  being  in  this  respet^t  com- 
uaratively  constant,  tLough  grodatiunal  specimens  do  occur. 
Of  these  varieties  the  type  specimen,  the  one  here  figured, 
that  described  by  H  itclieoclt,*  is  of  the  onmller  phase,  and 
it  is  with  this  that  Stegufnue  l«n^\pe»  agrees,  while  the  larger 
form  is  that  deecrihed  and  figured  in  tbc  author's  memoir  (loc. 
eit.,  p.  4M+,  fig.  3).  These  two  forms  are  maiidy  frum  two  local-  1 
ities :  the  typical  variety  being  seen  most  comninnlyon  a  ripptd-  ' 
marked  fjrav  shah' from  theTIorse  Ilsicc  near  Gdl,  Massachu- 
setts, the  slabs  heirig  covered  with  tracks  running  in  every 
direction  iis  though  the  creatures  were  i;rei;ariona  in  habits,  as 
the  specimen  of  Ai-tiosuurus  descrihed  liy  Frajisf  would  also 
seem  to  indicate. 

The  larger  variety  has  its  tyjiica]  hri-ality  at  the  Lily  I'lmii 
(juarry  at  Turners  Kails,  Srassaciiiirietts,  wliicli  has  yieldeil  fo 
liiany  of  Ilitciicock's  types,  anil  the  specimens  are  for  the  most 
part  hoautifnlly  preserved  iniprcssimis  on  a  dark  red  shale, 
which  prest'rves  detail  with  won.lerful  fidelity. 

Geoi;ra]>hiealiy  liiitritchopiin  grnrilix  ranges  from  Massaclni- 
setts  tln'oufih  Connecticut,  New  Jci-sey  and  Pennsylvania,  ami 
hence  it  is  sofiicientlv  miincrons  and  widespread  to  be  among 
the  species  m<ist  likely  to  he  preserved  as  fossils. 

If  ntie  niiiv  JLidifi'  from  n-l.-ilivc  si^c,  ii  is  possible  tb.it  the 
footprints  or'.v?,./<;w»,v  ,„v,/„/».v  Marsli+  are  those  to  which  the 
tiHiLie    Iii-<itni<-Ji"j"i.'<  ili-ipiir  Lull  hii:-  lii'cii  given. 

11  would  seem  iheivloiv.  that  the  correct  placing  of  Batradi- 
opus  would  he  not  -Amnw-j,  t\n-  I'roiorosaiiria  but  in  the  sab- 
order  Aetiosaiiria  of  lli..  order  l'ar;isiu'hia  of  Huxley. 

*M"m.  AiiiiT.  A<n.l,  Arts  .-iikI  S'i,  C'l,  iii.  ],.  ■J^H,  pi.  16,  fig,  3,  4. 
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Akt,   XXSVI. — The  Canyon  City  Meteorite  from   Trinity 
County,  CaUfornia;  hy  Henry  A.  Waed. 

On  page  469  of  vol.  ^-\ix  (1885)  of  this  Journal,  Prof. 
Charles  Uplmm  Sliepard  called  attention  to  a  mafia  of  meteoric 
iron  purporting  to  come  from  Canj^ni  City,  Trinity  County, 
California,  whence  it  had  heen  bi"ou{{lit  by  Captain  C.  W. 
Davis  of  Ilohnes  Hok-,  Mass.,  some  ton  years  previous. 

Through  the  kind  tiid  of  J[r.  A.  P.  Crowell  of  Wood's  Holl, 
I  was  able  to  find  Captain  Davis  and  to  obtain  the  specimeu, 
which  the  latter  t^entleman  liad  had  in  liis  possession  for  more 
than  a  quarter  of  a  century.  Captain  Davis'  i-ecollectioTis  of 
the  finding  of  tlie  mass  were  clear,  yet  witli  little  detail.  It 
was  fonn«r  in  tlic  snninier  of  1975  on  the  liorder  of  a  little 
stream  whicli  Hows  into  the  Trinity  liiver,  and  about  three 


miles  northeast  from  rlie  tuwn  uf  Canyon  City,  It  was  brought 
to  Captain  Davis  by  John  Driver,  wlio  disfoverod  it  on  the 
surface  of  the  grouiu].  Captain  Davis  retained  it  ontire  durinj^ 
his  stay  of  several  yt-ars  in  Canyon  City,  and  snbsenueTitly 
brouffht  it  witii  hini  to  liis  JIassacliusctt,*  huniL',  where  he  liad 
since  kept  it  carefully  wrapjied  in  a  napkin  and  liad  shown  it 
to  few  visitors. 

The  form  of  the  specimen  was  nearly  a  sfjnai-e,  about  ^^  by 
7i  inches  in  length  and  breadth,  anil  2^  inches  in  average 
thickness.  One  surface  was  slightly  convex,  the  other  slightly 
concave.  The  whole  surface  was  nnich  oxidized,  and  the  flak- 
ing off  of  scales  of  the  decom]>08ed  iron  had  entirely  obliterated 
any  traces  of  "pittings"  which  it  originally  donbtless  had  over 
its  surface.  The  general  color  of  the  whole  is  a  dark  yellowish 
brown.  The  weight  before  cutting  was  18J  lbs.  We  have  cut 
several  slices  from  the  mass. 

The  etched  sections  show  a  strongly  marked  octahedral  struc- 
ture with  large  figures;  the  plates  of  kamacite  vary  much  in 
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Bize,  ranging  generally  from  1  to  2"'°'  in  diametGr,  with  an 
ocGusioTial  broader  one  of  from  3  to  4""",  as  will  be  seen  in  the 
(!iit.  The  bands  of  tienite  are  broud  and  qnite  prominent 
throiigliont  the  ma*;s,  the  plessite  in  many  places  sbowiue  these 
bauds  crossing  them  in  parallel  layers  (Laphaiuite  uiarkiugs). 
Thie  is  shown  partioularly  well  on  some  of  the  edges  of  the 
slices  which  have  l>een  oxidized,  giving  the  ta?uite  a  somewhat 
conih-like  effect  from  their  relief  above  the  weathered  kama- 
cite. 

No  eehreibersite  was  noticed  by  a  macroscopical  examination. 
The  largest  troilite  uodnle  found  in  any  of  the  sections  is  not 
over  2"'"  in  diameter ;  others  range  from  this  down  to  a  fraction 
of  a  mm.  These  latter  were  quite  abundant,  as  mauy  as  sixteen 
of  them  Iwing  scattered  over  some  of  the  slices.  On  the  nar- 
row end  of  three  of  the  slieea  is  a  fiewure,  entirely  crossing  the 
slice,  filled  witli  troilite. 

Some  sections  show  that  the  oxidation  of  the  surface  had 
extendud  inward  to  the  depth  of  S"""  in  some  places.  This 
readily  aceonuts  for  the  non-appearance  of  crust  on  the  exterior 
surface  of  the  mass,  as  well  as  the  tendency  in  some  portions 
to  scale ;  also  for  the  limonitie  color  of  the  whole. 


The  examination  of  tiiis  iron  by  Prof.  Slie])ard,  as  noted  in 
tlie  article  above  referred  to,  was  limited  to  two  small  pieces — 
barely  an  ounce  in  all — which  were  from  the  outer  surface,  and 


"had  the  appearance  of  pure  limonite."  It  was  thus,  as  he 
f-iii,'j;i'st>,  ilitHeult  tu  obtain  either  an  exact  analysis  or  exact 
specific  gravity.  This  circumstance  sufficiently  accounts  for 
tlic  difference  between  his  analysis  and  the  one  lately  made  bv 
Jlr.  J.  JI.  Davison  of  Iloehester,  X.  Y.  We  give  both  below  : 
Shepard,  Davison. 

Iron 88-810  Iron <tl'2D 

Nickel    7-278  Nickel. _ 7-85 

Cobalt -     0-17^  Cobiilt 17 

Pbosiihoriis  ...      0'120  Phosphorus -10 


1  Specitic  gravity,  7-68 

W(i  liiivc  givL-ii  the  niiiiK'  of  C'anvnn  fitv  tu  this  iron.  Tlie 
town  lit  tliat  iiiinie  im  K)ni;c'r  c.\i>ts,'biit  w:i«  knt.wii  wlien  Prof, 
yiiepard  wrote  hi^  piiper.  MilclicllV  .\tliis,  edition  of  ISsi, 
has  Canvoii  Citv  ..u  the  riirlit  hank  <if  u  l.ranch  of  Tnuitv 
River  iii  tht-  (-c'htcr  uf  Trinity  Ctunilv.  Int.  40"  r)5'  N.,  loii. 
\->?.°  .">'  W.  ll  is  >iitir-tacr.iry  u\  W  al.lu  to  tlnis  m-c  rescued  from 
the  obli\ii)ii  nf  uiii-L-itaiiitv'a  Dit^tioriti'  wJiich  for  nioi-e  than  it 
cjifartn-   of    a  ci'iitiirv   lia.-  hcon    iiii-tilv   kimwii   h\  name  \cl 
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Art.  XXXVII. — Two  Microscopic- Petrographical  Methods; 

by  Fred  Eugene  Wright. 

1.     "  The  Determination  of  the  lielcUive  Index  of  Refraction  of 

Minerals  in  Thin  Section,'*'^* 

The  relative  index  of  refraction  of  two  adjacent  minerals  in 
thin  section  can  be  determined  under  the  microscope  in  three 
diflEerent  ways.  (1)  By  their  relative  relief,  and  also  by  the 
degree  of  apparent  routrjmess  of  their  surface  (shagreened 
surface).  (2)  h\  the  nietliod  of  Becke's  line,t  whereby  under 
high  power  a  narrow  bright  band  of  light  can  be  seen  to 
travel  back  and  forth,  toward  and  away  from  one  of  the 
two  minerals  at  their  intersection  as  the  microscope  tube  is 
raised  and  lowered :  the  rule  then  holding  good  that  Becke's 
line  moves  toward  the  miiieral  with  higher  index  of  refrac- 
tion on  raising  the  microscope  tube.  This  method  is  sensi- 
tive and  extremely  simple.  The  only  objections  to  it  are 
that  in  certain  cases  two  such  lines  can  be  seen  moving  in 
opposite  directions,  whereupon  it  is  difficult  to  decide  as 
to  the  correct  one,  and  that  a  certain  amount  of  time  is 
expended  in  changing  from  low  power  to  high  power.  (3)  By 
the  method  described  below,  which  does  not  exhibit  the  two 
lines  occasionally  seen  in  the  Becke's  method,  is  equally  sensi- 
tive and  does  not  require  the  change  from  low  to  high  power. 

The  method  is  based  on  principles  developed  by  J.  L.  C. 
Schroeder  van  der  Kolk  in  his  recent  '^Tabellen  ziir  mikro- 
skopischen  Bestimmung  der  Mineralien  nach  ihrem  Brechungs- 
index,"J  and  is  but  an  application  of  the  same  to  minerals  in 
thin  section. 

Mr.  Schroeder  van  der  Kolk  determines  the  index  of  refraction 
of  a  mineral  by  submerging  small  fragments  of  the  same  in  a 
liquid  whose  index  of  refraction  can  be  lowered  or  raised  by 
addition  of  other  liquids  until  it  coincides  with  that  of  the 
mineral,  and  then  measurintr  the  index  of  refraction  of  the 
mixture  ou  a  total  renectometer.  The  method  is  exact  to  the 
second  decimal  place.  Mr.  Schroeder  van  der  Kolk  gives#in  his 
Tabellen  a  list  of  over  300  minerals  arranged  according  to 
their  refractive  index,  and  also  a  list  of  sixteen  or  more  liquids 
of  variable  refractive  index  suitable  to  be  used  in  connection 
with  his  method. 

In  actual  practice,  small  fragments  more  or  less  lenticular  in 
shape  are  taCen  and  placed  in  one  of  the  fluids.     If  its  refrac- 

♦  Compare  Tscberinak's  Miner.  Petrogr.  Mittheil. ,  vol.  xxi,  page  238,  1901. 
f  Sitzimgsberichte  d.  Kaiser.  Akademie  d.  Wissenschaf ten. ,  vol.  cii,  page 
858-876,  1898. 

X  Wiesbaden,  C.  W.  Kreidels  Verlag,  1900. 
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tive  index  be  higlier  than  tliat  of  the  liijiiid,  it  will  act  as  a 
Ions  on  the  transmitted  light  and  tend  to  converge  the  light 
toward  the  center  (fig.  1) ;  if  tower  than  the  surrounding  liquid, 
the  effect  will  he  reversed  (fig.  2).  By  cntting  off  »  part  of 
the  ravH  (shaded  parts  of  fige.  1  and  2)  the  light  becomes  one- 
sided in  its  effect  and  then  exliibits  characteristic  ])henomena. 
If  the  fragment  AB  (fig.  1)  be  observed  under  the  microscope, 
the  edge  AC  of  the  mineral  just  protruding  from  the  darkened 
space  BC  into  tlie  light  will  not  \»e  reached  by  so  raanv  beams 
of  light  06  the  surrounding  field,  nnd  hence  wul  appear  darker. 


In  fie.  2,  however,  the  reverse  is  the  ease;  the  point  A  just 
outside  the  dark  field  ig  lighted  by  all  the  beams  between  A 
and  C  whicli  are  thrown  together  by  the  influence  of  the  min- 
erals; A  will,  thfi-c-furt.-.  ii]>]if;tr  liri^litrr  tlinii  the  pnrroiuidine; 
Held.  Moreover,  an  the  dispersion  is  usually  much  greater  for 
fluids  than  for  solids,  it  may  happen  that  if  the  refractive  index 
for  yellow  myn  is  the  same  as  that  of  the  enclosing  liquid,  its 
index  of  refraction  for  red  may  be  lower  and  for  blue  rays 
higher,  in  wliicb  case  the  mineral  acts  as  a  lens  for  the  red  rays 
and  converges  them  toward  the  center  (fig.  1),  while  the  blue 
rays  will  1)0  concentrated  along  tlie  outer  edge,  A,  which  will 
then  ap|K;ar  hhie.  When,  therefore,  the  refractive  indices  of 
inhieral  and  liquid  are  practically  the  same,  bright  wilored 
tiands  ap|)car  along  the  edge  of  the  mineral.  Mr.  Schroeder  van 
der  Kolk  descrihos  several  experiments  which  show  this  phe- 
nomenon in  an  elegant  maimer.  He  diirkens  half  the  field 
by  placing  a  siiiull  |)liitiiinin  plate  over  one  half  the  condenser 
lens  beneiitli  the  titagi-. 

An  ad;iptii.[i  i.f  this  mi-ibud.  wbicii  can  bo  effected  with  hni 
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lower  iris  diaphragm  found  od  some  microBcopes  back  and 
forth,  or  by  using  a  stop  diaphragm.  The  tinger,  however, 
famiehee  tlte  simplest  means  and  after  some  practice  is  used 
ftlmost  uiiconBciously.  Having  thus  covered  half  the  Held  in 
shadow,  observe  the  mineral  section  on  ttie  border  of  the 
shadow.  If  tlie  mineral  projects  from  the  shadow  into  the 
light  field,  and  appears  still  lignter  and  brighter,  its  refractive 
index  is  lower  than  that  of  t)ie  adjacent  mineral.  If  the  mio- 
eral  lies  within  tlie  light  held  and  its  edge  protrudes  slightly  into 
the  darkened  liatf,  the  phenomena  are  reversed.  The  four  dia- 
grams (3,  4,  5,  and  6)  show  the  ])06s{ble  cases  which  may  result. 


ludei  of  SefractioD. 


Edge  brighter  darker  darker  brighter. 

than  that  of  adjacent  laineral. 

If  the  refractive  indices  of  the  two  are  about  the  same,  the 
colored  bands,  described  above,  can  often  be  seen.  (Quarts 
and  Canada  balsam.) 

The  phenomena  dcscrihed  above  are  dii^tinct  and  easy  recog- 
nizable. By  placing  the  finger  before  the  reflector  and  lower- 
ing the  condenser  leiiA  slightly,  tlie  relative  index  of  refraction 
of  two  adjacent  minerals  can  be  determined  accurately.* 

In  the  diagnosis  of  minute  crystals  (as  eliromite  crystals 
within  plates  of  olivine,  etc.)  the  method  has  been  used  to 
advantf^. 

2.  On  the  Cm  of  the  Optic  Normal  in  the  Microscopic  Deter- 
mination of  Minerals. 

Method  for  Determining  the  Optical  Character  of  an  Aniso- 
tropic Mineral  on  a  Section  Perpendicular  to  the  Optic  Nor- 
mal,   (b  ellipsoidal  axis.) 

In  the  thin  section  the  only  plates  of  an  anisotropic  mineral 
which  can  be  recognized  readily  by  their  optical  characteristics 

*Hi.  Gtoo.  W.  Corey  of  the  Michigan  College  of  Hluee  has  recently  called 
the  attention  of  the  writer  to  the  fact  that  the  relative  refractive  index  of 
■djKoent  minerali  in  the  this  section  can  be  aacertained  by  thii  nietbod  witb- 
ont  the  aid  of  the  mJcroecupe.  Observe  the  thin  section  with  a  pocket  lena, 
holding  the  elide  up  towatd  the  eky ;  by  placing  the  flnger  In  front  of  the 
thin  BBction  and  thna  caatii^  a  shadow  over  part  of  the  field,  the  lelatiTe 
index  of  tefnetlon  of  two  adjacent  mlnerale  can  be  determined  by  tlie  mlM 
giTen  above  J   tiie  phenomena  obKTved  are  Identioal  with  tllOM  alncdy 
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art!  tlioBe  cnt  perpendicular  to  the  tliree  ellipsoidul  axes  a.  b,  c, 
and  the  two  optie  axes  (optic  hinoi-mals);  iu  the  uoiaxial  min- 
omla  these  quantitiea  reduce  to  plates  cut  parallel  and  perpen- 
dicnlar  to  the  principal  axis. 

B.y  ubaerving  the  interference  figures  on  plates  perpendicu- 
lar to  the  bisectricce  a  or  c  of  biaxial  niiueral^,  we  arc  able 
to  separate  the  biaxial  minerals  from  the  uniaxial.  The  optical 
character  of  the  uniaxial  minerals  whether  positive  or  negative 
can  always  be  determined,  while  in  the  biaxial  ininerale  this  van 
only  be  effected  when  the  angle  between  the  optic  axes  in  air 
(2  E)  is  small  (lesa  than  90°) — when  both  optic  axes  appear  in 
the  field,  the  angle  of  which  is  70°-yO°  in  ordinary  micro- 
scopes. For  the  larger  part  of  biaxial  minerals,  however,  3  E 
ia  greater  than  90"  and  cannot  be  used  as  a  general  factor  in 
the  practical  tieparatioii  of  minerals  by  ordinary  means.  The 
same  holds  true  for  plates  cat  perpenclicular  to  the  optic  axes. 
For  this  reai^on  the  optical  character  of  biaxial  minerals  is  rarely 
applied  in  their  microscopic  diagnosis. 

By  using  the  interference  phenomena,  however,  observed  in 
convergent  polarized  light  on  plates  perpendicular  to  the  optic 
normal  (b  ellipsoidal  axis  in  the  biaxial  toinemls,  and  the  nor- 
mal to  the  principal  axis  in  the  uniaxial  minerals),  the  optical 
character  of  the  rock-forming  minerals  can  l)e  ascertained 
by  ordinary  means. 

A  plate  perpendicular  to  the  optic  normal  (cither  uniaxial  or 
Maxial)  cxhibiti*  n  ptifulinr  iutcrl'LTurn't-  tigiire  in  cunvergeiit 
polanzfd  liglit.  On  revolving  this  stage  of  the  niicroseope,  the 
ticld  becomes  dark  suddenly,  remains  so  for  an  instant,  only  ti) 
become  light  again  on  further  i-cvolution  through  a  few 
degrees.  In  the  position  of  darkness  the  ellipsoidal  axes  tt  aint 
b  arc  parallel  to  the  plane  of  vibration  of  the  nicols.  iio 
distinct  cross  is  seen  as  in  the  interference  figures  of  plates 
perpendicular  to  the  bisectrices.  The  entire  field  appears  dark, 
with  (lerhaps  a  weak  fringe  of  light  along  the  outer  extremities 
of  the  diagonals  of  the  qnadnints. 

If  the  tield  be  placeil  in  the  dark  position  and  turned  slightly. 
faint,  dark  hvpcrbolas  can  be  seen  to  open  and  leave  the  cen- 
ter of  the  field,  .similar  t->  tlu!  dark  hyperbolas  nf  t!ic  biaxial 
interfei^'nce  figures  per]>cndicul;ir  tn  the  bisectrices,  the  ciiicf 
diifcrence  betwt^en  the  two  being  one  of  intensity  and  rapidity 
of  motion.  The  hyberliolas  are  verv  weak  and  require  close 
ol)servatiun  to  he  ii^tifcil  al  ull.  A  I'liiiiernl  jilate  of  low  birc- 
fruHinii  will  .<hnw  them  1.-  di.-.tiii.-tlv  tlnin  one  of  high. 

/,'„/.'.— Tiie  aark  hvprrbohi-  Ivave  the  tiAd  in  the  (lireeti.>ii 
of  the  ucute  bisertii^ 'in  tlie  biaxial  minerals  and  in  the  diree- 
tioii  of  the  prii.eipal  axi.  in   the  uniaxial  minerals. 

.l/7V/r,(/,",.„.-01iserve  <lireeliun  in   whieli  the  faint  hvper- 
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bolas  of  the  interference  figure  of  an  optic  normal  in  conver- 
gent polarized  light  leave  the  field  on  a  slight  revolution  from 
position  of  darkness.  Determine  value  of  this  ellipsoidal  axis 
(whether  a  or  c)  by  means  of  quartz  wedge  in  parallel  polarized 
light  and  with  it  the  optical  character  oi  the  mineral ;  on  the 
same  section  the  birefnngence  (7— a)  can  also  be  ascertained; 
and  in  monoclinic  and  triclinic  crystals  an  angle  of  extinction 
in  general  be  measured. 

Jrroqf. — In  uniaxial  minerals,  the  rays  travelling  parallel 
to  the  principal  axis  suffer  no  double  refraction.  The  height 
of  the  birefringence  increases  with  the  angle  which  the  incident 
ray  makes  with  the  principal  axis.  On  observing  a  section  cut 
parallel  to  the  principal  axis  in  convergent  polarized  light,  the 
center  of  the  field  will  become  bright  for  only  a  slight  turn 
of  the  stage  from  the  position  of  darkness,  while  those  rays 
nearer  the  principal  axis  will  become  less  bright  for  the  sjime 
angle  of  revolution.  Hence,  on  rotating  the  stage  from  posi- 
tion of  darkness  of  mineral  plate  to  light,  the  dark  weak  hyper- 
bolas (less  brightly  lighted  portion)  appear  to  move  out  in  the 
direction  of  the  least  double  refraction,  i.  e.  direction  of  the 
principal  axis. 

In  the  biaxial  minerals  the  acute  bisectrix  is,  in  general, 
direction  of  lower  birefringence  than  the  obtuse.  The  faint 
hyperbolas  ol)served  in  convergent  polarized  light  on  a  plate 
parallel  to  the  bisectrices  (perpendicular  to  the  b  ellipsoidal 
axis)  will,  therefore,  leave  the  field  in  the  direction  of  the 
acnte  bisectrix. 

The  statement  that  the  acute  bisectrix  in  biaxial  minerals  is 
direction  of  less  double  refraction  than  the  obtuse  bisectrix 
can  be  proved  by  elementary  means  as  follows : 

Let  V  l>e  the  angle  which  one  optic  binomial  (optic  axis) 
makes  with  the  least  ellipsoidal  axis  c  and  a,  )8,  7,  the  three 
indices  of  refraction. 

The  equation 

1  _   I   * 

co9'V=^'      y'  (1) 

a" "  y 

which  express  the  relation  between  the  angle  V  and  the  indices 
of  refraction,  reduces,  for  V  =  45°,  to  the  form 

cos'  V  =  ^,  or 

1  _  J^ 

1  _  1   ~  * 

a-        / 

*Bo«onbiuoh-Iddings,    ^' Microaoopioal    Phvaiogrraphy  of    Bock-forming 
lOnenls,"  1908,  p.  88. 
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If  c  be  acute  bisectrix,  then 
V  <  45" 
cos'V^i,  and,  therefore, 


>i 


-|S=A,o 


i 


y — a  =  C  +  A 
The  oxpresBion  (2)  may  now  be  written 

2(^-C)'A(2^  +  A)>^'{C  +  A)(23  +  A-C).  (3) 

Oil  rearranging  the  qiiaiititiee  of  (3),  we  obtain 
2^(A-C)(/3'-2CA)+3'(C-A)'  +  2C'A'-6^CA>0     (4) 
To  prove  that  in  the  ease  uf  c  acute  bisectrix 

C<A 
A-C>o. 
The   value  of   the   expression    (4)   is   evidently    dependent 

on  tlie  valiie  of  A  —  (>,  for  both  A  and  C  are  sncli  uniall 
quantities  {fractions  compared  to  ^)  that  the  ineinl)ers  of  (4i 
^HC-Ay+2C"A''-4/90A  and  usuailj-  fi^'CA  may  be  neg- 
lected in  comparison  with  2^'{A  — C).  The  value  of  tlie 
expreesion  wlictlier  greater  or  less  than  zero,  depends,  tiiere- 
fore,  generally  on  the  sign  of  A  — 0  as  2/3'  is  alwa^'s  +,  Tlius 
when  c  is  acute  bisectrix,  in  general 

A-C>0,or^-a<y-/3. 

Hence,  the  acute  bisectrix  is,  in  general,  direction  of  least 
birefnietion.  An  examination  of  the  list  of  all  biaxial  rock- 
forming  minerals  coiitirnieil  this  statement. 

AppH'-dti'ui. — In  mc'jisiu'ing  the  extinction  angle  in  any 
munix-liiiio  mineral  in  whii-li  h  =  h,  tlie  ojitieal  character  of  the 
mineral  ean  ;ilsi.  U-  aeti-niiincd  at  the  same  time  by  the  above 
iTietlmil.  Tlie  birefringeiK'e  (7  — a|  can  likewise  be  ascertained 
on  tiie  same  plate  if  its  tlii.-kness  1,,-  known.  The  plate  cnt 
pertii'iidieiilar  to  the  nptie  nnniial  exhibits  the  strongest  dnnbh' 
^■fra-'tion  (hi^'bi-st.  brii^litest  interference  colors),  knd  can  he 
pieked  ..lit  re^i.lily  fri.in  a  nnmlier  nf  plates  of  the  same  min- 
eral ent  ahiiii^'  varions  planes.       Thus   a    plate   of    monoclinio 
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ampbibole  or  pyroxene  {i^H)  parallel  to  the  clinopinacoid  010, 
on  which  the  extinction  angle  must  be  measured,  is  also  suita- 
ble to  reveal  the  optical  character  of  the  mineral  and  the 
double  refraction  (7 —a). 

Determination  of  the  plagioclase  feldspars : 

Cleavage  faces  parallel  to  the  basal  pinacoid  001  of  the  soda- 
lime  feldspars  (acid  plagioclase),  albite  to  basic  andesine,  show 
the  optic  normal  more  or  less  distinctly,  and  can  be  determined  by 
the  above  method  as  such  without  further  trouble.  With  this  aid 
in  the  diagnosis,  the  separation  of  the  acid  plagioclases  by  the 
cleavage  method  on  plates  parallel  to  the  base  (striae  after  the 
albite  law)  is  I'endered  more  certain,  as  the  ambiguity  of 
the  sign  of  extinction  is  largely  eliminated.  (The  feldspars 
AbjAn^— AbgAn,  are  positive;  Ab^An,  —  Ab^An^^,  negative; 
Ab„An„—Ab,An^,  positive;  Ab^An^— AboAn,,  negative.) 

In  his  "  Etude  sur  la  Determination  des  Feldspaths,"  Michel 
Levy  has  plotted  a  curve  illustrating  the  extinction  angles  on 
plagioclase  feldspars  cut  perpendicular  to  the  optic  normal 
y>9^m)'  Unfortunately,  the  values  are  so  nearly  equal  in  the 
acid  plagioclases  that  an  exact  separation  of  the  same  is  not 
possible  by  this  method  alone.  The  ambiguity,  however, 
arising  from  the  plus  or  minus  character  of  the  angle  between 
albite  and  oligoclase  and  andesine  can,  in  general,  be  eliminated 
by  the  method  described  above.  In  the  determination  of  the 
plagioclase  feldspar  by  the  method  of  Michel  Levy  in  conjunc- 
tion with  the  above,  a  plate  cut  perpendicular  to  the  optic  nor- 
mal (highest  interference  color)  is  first  selected,  its  angle  of 
extinction  (angle  between  the  least  ellipsoidal  axis  and  the 
twinning  lamellae)  measured,  the  direction  of  the  acute  bisec- 
trix noted  and  its  relative  value,  whether  a  or  c,  ascertained  by 
means  of  the  quartz  wedge.  By  combining  the  extinction 
angle  of  any  plagioclase  with  its  optical  character,  the  feldspar 
can  in  general  be  determined  accurately. 

Michigan  Geological  Survey,  Honghton,  Michigan. 
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AnT.  XXXVIII. — Or^  tfi«  Dinudeathuj  J^feot  of  Rotation  in 
case  of  Air  Stored  ooer  Water;  hy  C.  B.vWb  and  A.  E. 
Watson, 

1.  The  following  interesting  result  watjohtaiufJ  incidentally, 
in  connection  witli  otlier  resefirches. 

If  ftir  containing  nuclei  from  an^  sonree  wliatever  ic  intro- 
duced into  a  cylindrical  condensation  chamber  over  pure  water, 
and  if  tlie  cylinder  in  rotated  on  its  axis  more  or  Wen  rapidly, 
without  furtlier  interference  witli  the  air  contaiiiud,  tliu  charge 
of  moist  air  will  eoon  bo  found  to  bo  free  from  nuclei. 

2.  The  following  are  exaiupleB  of  the  results  obtained. 
Nucltii  were  produced  in  dust-iree  air  by  passing  the  X-rayn 
through  a  Cftat  of  imraffined  wood,  in  the  direction  of  au  eqvi- 
torial  diameter,  for  three  to  five  minutes.  The  cask  was  35°" 
in  diameter  and  4u™  long,  mounted  axially  on  an  asle  and 
turned  by  n  small  electromotor.  The  coronas  were  vieweil 
through  two  longitudinal  and  diftmetrically  opposite  strips  of 
plate  glaae.  Details  of  construction  cannot  be  considered  here ; 
we  need  merely  state  that  the  apparatus  during  rotattoit  wa« 
absolutely  free  from  leakages  of  nuclei,  either  of  efflux  or  of 
in  tins. 

The  size  of  the  corona  dne  to  nuclei ,  generated  by  the 
X-mvs  ii;  unfortunately  verv  variable,  dependmg  (caet.  par.)  ou 
-Mtiditi.jii.  (.frii,lmti.ML_licj.nijJ  tlir  .iL-Li-vrrV  c.iitrul.  Dimiii- 
ters  niiiginfi  on  an  arbitrai'y  swde  from  K  to  i-2""  were  obtaiiieil 
for  the  case  of  rather  weak  riHliatinii,  passing  for  three  to  tive 
niinutes  through  the  wood  of  the  .stationary  cask.  As  a  rule. 
the  nuclei  vanish  in  less  than  three  minutes  of  moderately  fa>t 
rotation  (two  turns  per  second),  and  the  corona  obtained  there- 
after is  almost  too  weak  for  detection.  At  these  speeds  tlif 
whole  of  tl  (,  \at  i  loes  n  t  >et  adi  ere  a.  a  n  uooti  cvli  idricai 
ap|iarently  r  „i  I  I  oct  to  tl  e  m  I  s  f  tl  e  i  i^k  1  ut  s  carried 
iirtmnd  witi  t,  oi  le  s  ti  rl  ilc  t  ii  t  oi 

Table  I. — N       I  er  of     ne  «  jwr  c  b    en     huf  rend  aft«r  rotation, 

Pr'-nsurt  .Iff  e  ftbout  N     1      i  ro  u  «    I     X  ra  b  to    he  o.\-fT 
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Two  reasons  may  be  suggested  for  the  cleansing  effect  of 
rotation :  It  is  snpposable  tnat  eddy  currents  are  produced  by 
the  rotation,  as  a  result  of  whicli  all  parts  of  the  confined  air  are 
in  succession  washed  on  the  surrounding  surface  of  water. 
Such  currents,  however,  could  hardly  persist  but  for  a  short 
time  after  the  beginning  of  the  rotation.  In  the  second  place, 
if  there  is  churning  of  the  pure  water  connected  with  the 
rotation,  the  enclosed  air  must  pass  in  small  bubbles  through 
the  water  many  times.  This  seems  to  be  the  more  potent 
cause  for  the  absorption  of  nuclei.  The  details  of  the  experi- 
ments with  X-niy  nuclei  did  not  conform  very  closely  with 
either  of  these  hypotheses,  and  we  therefore  decided  to  inves- 
tigate the  question  thoroughly  with  a  larger  type  of  coronas 
and  in  a  large  glass  vessel,  through  which  the  whole  behavior 
could  be  better  seen. 

3.  The  following  results  were  obtained  with  a  glass  cylinder 
about  35*^™  long  and  25^'"  in  diameter  (part  of  an  old  electrical 
machine).  It  was  nicely  mounted  axially  and  capable  of  very 
rapid  rotation,  enabling  the  observer  to  catch  up  the  whole  of 


SLR  IT. — Air  nuclei  removed  bv  rotation,     dp 

=  17«°». 

Goniometer  and 

lamp  85*=™ 

and  SSO*"*, 

resp.  from  chamber. 

Time  of 

Turns 

)i 

Buccessive 

per 

nuclei 

Remarks. 

I'otations. 

minute. 

5 

per 

min. 

cm. 

cub.  cm. 

Water  in  a  smooth 

0 

?450 

10 

(200,000) 

cylindrical  shell  ; 

3 

6-4 

85,000 

fixed  to  glass  walls 

1.         3 

61 

74,000 

4 

5-6 

57,000 

Water  in  very  turbu- 

0 

350 

7-6 

140,000 

lent  motion. 

3 

3-3 

12,000 

3 

2-1 

3,000 

3 

1-2 

500 

Water  in  turbulent 

0 

150 

8-8 

(160,000) 

motion. 

3 

5-6 

57,000 

3 

5-4 

51,000 

3 

4-2 

24,000 

3 

3-3 

13,000 

3 

2-8 

7,000 

3 

2-1 

3,000 

Time  loss  of  nuclei 

0 

0 

8-7 

(160,000) 

without  rotation. 

3 

6-8 

100,000 

Slight  subsidence  of 
the  successive  fogs. 

3 

6-2 

77,000 

3 

6-2 

77,000 

Note :  Correotions  for  periodicity  were  not  applied  as  it  did  not  seem  neces- 
sary. The  results  are  thus  somewhat  irregular.  The  numbers  in  paren- 
thesis are  estimated. 


394  Barua  and  Wai«{»i — Air  Stor^  ever  Water. 


y 


the  enolo^d  ptire  water  centrifngallT.  or  bnt  a  part  of  it,  at 
pleasarc.  The  difference  of  the  rotational  resistances  for  Uie 
two  eases  is  not^^wortliv. 

The  angnlar  diameter.  6,  of  the  coronas  was  determined 
witii  »  goniometer  having  a  radin^  R  =  30"  \fng,  ao  that  if  * 
is  the  chord  corrcsixinding  to  ^,  tan  C/2  =  a/iR.  Goniometer 
and  pourcw  of  h'ght  were  85  and  25(>^',  reepectiveU-,  from  the 
cylinder,  and  the  exhatmtion«  all  eorrespoiided  (o  t^e  presem* 
difference  of  alwnt  S/>  =  17°°,  at  ahunt  SO''. 

The  reenhs  are  detinite.  The  first  and  last  parts  of  Table  11 
ahow  that  the  time  loss  of  nuclei  when  the  cylinder  is  roiatiug 
eo  rapidly  that  the  water  is  held  up  as  a  smooth  sheet  a^in^E 
ite  sides,  is  not  lunch  lar^rcr  than  when  the  cylinder  is  etation- 
aty,  in  spite  of  the  fact  tliat  in  the  first  case  some  nnclei  innst 
be  lost  in  the  tnrhulent  motion  on  starting  and  stopping.  The 
law  of  decrea.-io  is  a*  usual  «iipurciitly  jfeometric. 

Wlien  the  critical  speed  at  which  water  is  caught  up  on  the 
eides  is  out  attained,  in  other  wonlH,  when  only  a  part  of  the 
water  contained  is  carried  around  by  rotation,  tlien  the  cleans 
iug  effect  is  verj'  marked  as  the  middle  iwrts  of  the  table  show. 
Furthermore,  nuclei  are  loat  more  rapidly  per  minute  as  the 
8i>eed  of  rotation  prodncing  turbnlent  motion  is  greater. 

Thns  it  followEt  that  the  nuclei  are  loet  by  the  continuixi 
babbling  of  tlie  air  enclwed  within  the  cylinder  through  the 
water  contained.  This  rotational  method  of  making  the  sir 
dust-free  is  frequently  veiy  convenient,  particularly  in  tiiose 
case>  where  slow  rotatinu  uf  tlie  conclciitiatinii  chamber  is  nece.'v 
sarv  to  keel)  the  air  within  saturated,  and  in  other  eases  to 
he  treated  elsewlicre. 

]n<fonehision,  we  may  observe  that  if  the  continuous  passage 
of  air  in  tmblilcs  through  water  produces  ions  (as  has  been 
sb.iwii  by  .1.  .J.  Tlionisuii.  Ilimstcdt  and  others),  these  ions  art 
not  in  cviilciict!  in  the  n>le  of  coinlensation  nuclei;  for  the 
efloct  i)f  chiiniinj,'  pure  watur,  far  from  lieing  a  means  of  gen- 
erating nuclei,  iias  in  tiie  iibove  e.vpL'riuieiits  been  shown  to  \'v 
&  very  etTcetive  inelbod  of  making  the  air  duf-t-fi-ee,  Fnmi 
this  point  uf  view  wu  regard  tlie  exj>eriments  as  noteworthy. 

Bn.wii  University,  Pmvitk.iice,  R.  I. 
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SCIENTIFIC     INTELLIGENCE. 

I.    Chemistry  and  Physics. 

1.  The  Slue  Color  of  Basic  Lanthanum  Acetate  and  Iodine, 
— The  very  remarkable  reaction,  similar  to  that  of  starch,  which 
basic  lanthanum  acetate  gives  with  free  iodine  was  observed  by 
Damour  in  1857,  and  has  been  frequently  applied  for  the  qualita- 
tive detection  of  the  rare  earth.  The  reaction  has  been  studied 
recently  by  W.  Biltz,  who  tinda  that  it  does  not  take  place  when 
the  nitrate  is  used,  and  that  it  is  dependent  to  a  large  degree 
upon  the  physical  condition  of  the  precipitate,  which  should 
possess  the  semi-transparent  appearance  of  a  colloidal  substance. 
A  product  that  is  more  pulverulent  and  white,  such  as  is  usually 
obtained  from  boiling  acetate  solutions,  gives  only  a  brown 
color  with  iodine.  After  the  blue  product  is  once  formed,  how- 
ever, the  liquid  in  which  it  is  suspended  may  be  heated  to  a  higher 
temperature  without  injury  to  the  color.  An  addition  of  indif- 
ferent electrolytes,  such  as  potassium  nitrate,  is  also  without 
injurious  action,  so  that  the  reaction  may  be  obtained  from  solu- 
tions of  lanthanum  nitrate  which  have  been  acidified  with  acetic 
acid  before  precipitation.  The  reaction  always  ap])ears  with 
certainty  when  a  solution  of  iodine  in  potassium  iodide  is  added 
lo  a  lanthanum  acetate  solution,  and  then  enough  ammonia  is 
added  cautiously,  so  that  the  brownish  yellow  color  of  iodine 
does  not  quite  disappear,  and  finally  the  liquid  is  heated  very 
gently.  A  dark  blue  precipitate  gradually  forms,  or,  if  the  solu- 
tion is  very  dilute,  a  blue  colored  liquid  is  obtained.  Quantita- 
tive experiments  showed  that  the  amount  of  iodine  taken  up  by 
the  precipitate  is  very  nearly  proportional  to  total  amount  pres- 
ent in  the  liquid  ;  hence  the  conclusion  is  reached  that  the  phe- 
nomenon, like  tiie  formation  of  iodized  starch,  is  one  of  adsorp- 
tion, and  that  the  blue  substance  is  not  a  definite  compound. — 
JBerichte,  xxxvii,  719.  n.  l.  w. 

2.  Yellow  Antimony. — It  has  been  known  for  many  years  that 
an  unstable,  yellow  form  of  arsenic  exists,  which  is  analogous  to 
yellow  phosphorus.  Stock  and  Guttmann  have  now  succeeded 
m  preparing  a  yellow  modification  of  antimony  by  the  action  of  ^ 
air  or  oxygen  upon  liquid  hydrogen  antimonide  at  —90°.  The 
substance  is  spontaneously  transformed  into  the  black  form  even 
more  readily  than  yellow  arsenic  ;  for  the  change  takes  place  in 
a  few  seconds  even  at  —50°,  and  even  at  the  temperature  of  its 
formation,  —90°,  it  is  so  unstable  as  to  become  brownish  or 
blackish  in  a  few  hours.  The  oxidation  of  hydrogen  antimonide 
at  the  low  temperature  used  for  the  preparation  of  the  substance 
is  very  slow,  so  that  the  yield  is  small.  It  was  shown  that  the 
yellow  substance  does  not  contain  hydrogen,  and  that  it  is  solu- 
ble in  carbon  bisulphide  at  a  temperature  somewhat  higher  than 
— 90°,  giving  a  strong  yellow   color  to  the   solution.     Imme- 
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diately  after  this  solutioo  takes  place,  separation  of  black  anti- 
mony begins. — BerichU,  xsxvii,  S98,  ii.  u  w. 

3.  Action  of  Carbon  upon  Lime  tl  the  Tempfratur^  of  Fitt- 
ing i'lafinum. — Motssan  has  healed  a  mixture  of  sugar- charcoal 
and  quick-lime  in  the  proportions  for  the  formation  of  CaC  .  in  a 
lube  made  of  fused  quartz,  by  means  of  an  oxygen  and  illimii- 
nating  gas  blowpipe  dame,  to  the  temperature  at  which  platinum 
fuses,  and  has  found  that  at  this  temperature  not  a  traoe  of  cal- 
cium carbide  is  formed.  In  this  connection  the  observation  was 
made  that  silica  possesses,  even  below  its  point  of  fusion,  au 
appreciable  vapor  tension,  for  at  1200°  there  were  slowly  formed 
upon  the  lime  small  needles  of  an  insolable  calcium  silicate,  a 
circumstance  which  prevents  the  frequent  use  of  a  tube  of  this 
kind,  it  was  observed  also  thai  crystals  of  calcium  carbide  were 
not  changed  at  the  fusing-point  of  platinum,  while  platinum  wire 
melted  at  once  in  solidifying  calcium  carbide. —  Comptet  Itendxu, 
oicxxviii,  243.  b.  l.  W. 

4.  Tieo  Sodium-Flerric  Svlphatea.  —  Sesabal  has  prepared 
two  double  salts,  one  basic  and  the  other  normal  in  composition, 
which  are  interesting  from  the  fact  that  they  correspond  to 
known  minerals. 

The  compound  FeSO.OH.  Na,SO, .  3H,0,  which  agrees  in 
composition  with  the  mineral  sideronairite,  is  a  pale  yellow  pre- 
cipitate formed  hy  heating  a  solution  of  50  g.  of  feme  salphate 
acidified  with  iO"  of  dilute  (1:6)  sulphuric  acid  and  300  g.  r.f 
Glauber's  salt.  The  other  compound,  Fe,(80J, .  3Na,80, ,  6H,0, 
which  corresponds  to  the  mineral  forronatrite,  was  prepared  from 
a  very  con  contra  ted  solution  of  10  g.  of  ferric  sulphate,  UIO  g.  of 
Glauber's  salt  and  15"  of  concentrated  sulphuric  acid.  This 
compound  is  a  colorless  precipitate. — Zeitschr.  anorgan.    Chem., 

5.  Gi'utidiiiiicn  der  Anorganischen  Chemie,  von  Wiliirlm 
OsTWAi.D.  Zweite,  verbesserlo  Aullage.  8vo,  pp.  808.  Leipzig, 
1904  (Engelmann). — The  first  edition  of  this  text-book  of  ele- 
mentary inorganic  chemistry  appeared  in  1000,  The  prompt  ap- 
pearance of  thin  new  edition  is  due  in  some  measure  to  the  faot 
that  4000  copies  of  the  first  edition  were  sold  within  three  years, 
and  no  further  comment  is  needed  to  show  the  approval  of  the 
chemical  public,  in  Germany  at  least,  in  regard  to  the  treatment 
of  elcinenlary  chemistry  from  the  standpoint  of  modern  physical 
chemistry. 

No  very  marked  changes  have  lieen  made  in  the  new  edition — 
the  increasf  in  volume  amouiUs  to  lliirtocn  pages.     The  author 
continues  to 
molecular  hv 


lin  his  curi 
■s,  although 
ghls"  ill  p 
.f  the  other 
iihl   hclieve 

us  (>p])osilion  to  the  atomic  and 
in  this  edition  ho  calls  molecular 
ice   of   the   slill   more   ambiguous 
e<iitioti.     Il  seems  entirely  incon- 
so  iiuplicLlly  in  ions  but  not  in 

^rou.  .rroi 

•^  of  tiic  original  book  have  now 

Uhemiatry  and  Physics.  397 

disappeared,  but  there  is  no  difficulty  in  finding  them  here.  For 
instance,  the  reaction  of  hydrogen  sulphide  upon  heated  copper 
is  given  as  H,S  +  Cu  =  CuS  4-  H^,  whereas  it  is  very  well  known 
that  Cu,S  would  be  formed  ;  it  is  stated  that  lead  tetra-acetate  is 
a  yellow  salt,  instead  of  a  colorless  one  ;  and  there  are  several 
errors  in  connection  with  metallurgical  topics.  u.  l.  w. 

6.  A  Manual  of  Qualitative  Chemical  Analysis;  by  J.  F. 
McGregory.  8vo,  pp.  xiv,  133.  Boston,  1903  (Ginn  &  Com- 
pany).— This  text-book  has  been  prepared  to  meet  the  wants  of 
the  author's  own  classes,  as  has  usuallv  been  the  case  with  the 
great  number  of  books  on  this  subject  that  have  already  appeared. 
Their  number  shows  the  existence  of  much  diversity  of  opinion 
in  regard  to  the  best  methods  of  teaching  this  branch  of  chemis- 
try. The  book  under  consideration  gives  a  rather  extensive 
coarse  in  the  reactions  of  the  radicals,  and  it  seems  that  all  of 
these  are  expected  to  be  mastered  before  their  analytical  applica- 
tion is  taken  up.  The  learning  of  all  these  details  without  a{)ply- 
ing  the  knowledge  and  thus  connecting  it  with  analytical  pro- 
cesses, is  an  exceedingly^  difficult  matter,  and  it  appears  to  the 
reviewer  that  this  feature  is  objectionable.  The  attempt  to 
avoid  purely  mechanical  work  on  the  part  of  the  student  by 
omitting  tabular  outlines  of  methods  is  praiseworthy.  The  fol- 
lowing sweeping  statement  in  the  introduction  leaves  no  place 
for  the  elements  themselves,  nor  for  the  many  "simple"  inor- 
ganic substances  which  are  neither  acids,  bases,  nor  salts:  "Every 
simple  inorganic  substance  consists  of  two  parts.  The  first, 
which  is  a  metal  or  positive  radical,  is  chemically  combined  with 
the  second,  which  is  a  non-metal  or  negative  radical."  The  book 
is  marred  by  the  so-called  reformed  chemical  spelling,  which 
leads  to  incorrect  pronunciation  and  is  not  in  harmony  with  the 
rest  of  the  English  language  as  it  is  now  written.  n.  l.  w. 

7.  Influence  of  Tempemture  and  Pressure  on  the  Ahsoi^ytion 
and  Diffusion  of  Hydrogen  by  Palladium. — The  following  con- 
clusions have  been  reached  by  G.  N.  St.  Schmidt  :  The  absorp- 
tion of  hydrogen  by  palladium  follows  the  phenomena  of  most 
absorbing  substances  above  140"^  C.  That  is,  it  increases  with  the 
pressure  and  diminishes  with  the  temperature.  The  diffusion 
increases  with  the  temperature  and  with  the  pressure. 

This  is  not  true  under  140*^  C.  Here  enters  an  irregularity. 
We  are  accustomed  to  consider  that  in  the  course  of  diffusion  of 
a  gas  through  a  solid  body  that  first  adsorption  takes  ])lace,  then 
absorption,  then  diffusion.  Diffusion  then  can  only  take  place  if 
the  gas  is  in  the  first  place  adsorbed  by  the  solid  body  ;  and  this 
happens  only  when  a  certain  affinity  exists.  We  must,  therefore, 
assume  that  under  140°  C.  no  affinity  exists  between  hydrogen 
and  palladium.  This  enters  first  at  higher  temperatures  and  with 
it  adsorption.  There  are  analogies  in  chemistry  :  for  instance, 
carbon  and  nitrogen  do  not  combine  at  ordinary  temperatures ; 
but  at  high  temperature  form  CN. 

Am.  Jour.  8ci.— Fourth  Series,  Vol.  XVII,  No.  101.— Mat,  1904. 
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Winkelinan  hs*  fiuml  (Ann.  <l.  Phys.,  e,  {>.  104,  1901;  9, 
p.  33f>,  1902)  tbM  tlii^  amonnt  of  diSuHoo  of  hyilrogvti  through 
pallwJiDR)  sod  j'taiiDQin  is  aot  proportional  to  (be  pivesnre  but  is 
relalirdr  greater  with  diminishing  pn^snn.  He  eipluns  this  br 
th«  theory  that  the  diffusion  enterv  with  a  dissociation  of  hydro- 
gen molecates  and  that  only  the  hydrogen  atom  diffnw*.  *Thi» 
aarrow*  the  working  presitire.  The  foroing  pre»Mire  is  dependent 
upon  the  difference  of  (he  adwrption  on  both  «d«s  of  ibe  body. 
The  diffusing  <iDaQtity  i»  proportional  to  thin  difference.  Since  it 
i»  not  shown  that  lhi»  difference  is  strictly  proportional  to  ihc 
pr«fl!Mire,  and  obeervaiion*  prove  that  it  more  or  less  dimini«l>es 
with  tlw  latter,  it  necessarily  follows  (hat  the  diffnsing  quantity 
ia  not  narrowly  proportional  to  the  previure  The  theory  that 
the  foTving  pr«Mure  changes  through  dissociation  of  the  hydro- 
gen molecule  does  not  appear  to  be  an  explanation  of  the 
obaerved  irregolarity. — Ann.  d.  Phfft.,  *,  IBW,  pp.  747-769. 

t.  T. 

8,  Studij  of  th«  RaJi&^ieliuitjf  of  C«rttiit  SitnemU  and  Min- 
erat  Wat^s. — In  a  paper  on  thia  subject  delivered  by  the  Hon. 
It.  J.  SrarTr  before  the  Koyal  Society,  there  is  the  following 
interesting  e.itiniatc  of  the  ([uantity  of  radioin   in   Bath   trater : 

"According  to  the  estimate  of  Sir  A.  C.  Ramsay,  the  I  ale 
Director  of  the  Geological  Survey,  the  rait  annually  delivered  by 
tJie  Bath  Npring  would  be  equivalent  in  volnine'to  a  column  9 
feel  in  diameter  and  140  feet  high.  Tailing  the  density  to  be 
twice  that  of  water,  this  would  weigh  about  stw.OOO  kilograms. 
The  sniino  re"idne  gives  about  one-fifteenth  the  part  of  the  qnan- 
lity  of  emanation  tli^it  samarNkite  gives.  I,et  lis  aKsiime  that  the 
latter  contains  one-millionth  part  of  radium,  which  I  think  is  an 
outside  estimate.  At  that  rate  the  annual  delivery  of  radium  by 
the  spring  amounts  to  about  one-third  of  a  gram.  The  volume 
of  gas  which  the  sprini?  delivered  is  about  one  hundred  cubic 
feet  per  day  (Williamson,  Brit.  Assot'.  Reports,  1865,  p.  3B0). 

About  one-tliousandth  part  of  this  is  helium,  so  that  about 
three  liters  of  helium  are  given  off  daily,  or  about  one  thousand 
liters  per  annum.  The  proportion  of  helium  to  radium  thus  indi- 
cated is  of  the  same  order  as  in  radio-active  minerals,  though 
somewhat  larger.  This  is  in  accordance  with  the  view  that  the 
spring  draws  its  supplies  from  the  disintegration  of  such  min- 
erals."— Nutiire,  March  27,  li)04,  j.  t. 

0.  Aimotp/ieriu  li'fdio-tictiril;/  in  IH^h  Latitudes.  —  A  series 
of  dutorniiualions  of  the  radio-activity  of  the  atmosphere  have 
been  made  by  <.i.  C  Si.vi'son  at  Karasjoh,  Xorway,  in  09°  -iO' 
N.  iat.  It  was  foimd  that  the  radio-atrlivity  was  very  much' 
greattT  than  in  lower  latitudes  :  the  mt-an   for  the  month  beiris: 

(Elslerand  Geitel  at  Woltenbfutcl).  while  the  highest  value" w.is 
i-i'i  or  nearly  seven  times  the  Gennan  maximum.  As  regards 
the  (■onni.'<-tioii  "Uh  tini.-  of  <lay,  the  maximum  was  found  to  fall 
Liig  and  afternoon   being 
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nearly  the  same.  No  direct  relation  was  found  between  the 
radio-activity  and  the  potential-gradient ;  temperature  and  baro- 
metric press'ire  also  seemed  to  have  no  great  influence.  The 
presence  of  clouds  bad  a  marked  effect,  however,  the  maximum 
of  432,  for  a  clear  sky,  falling  to  198,  when  the  sky  was  com- 
pletely overcast.  Sudden  changes  were  occasionally  noted,  as 
from  the  low  value  66  to  the  high  384  within  a  few  hours.  The 
observations  were  made  in  winter  when  the  sun  was  below  the 
horizon  and  the  surface  of  the  frozen  earth  was  covered  with  more 
than  two  feet  of  snow. — Proc.  Hoy.  Soc,  Ixxiii,  209. 

10.  77ie  Optical  Properties  of  Vitreous  Silica. — The  remark- 
able properties  of  vitriiied  quartz  which  make  it  suitable  for  cer- 
tain applications  in  optical  work  are  remarked  by  Gifford  and 
Shsnstone.  It  has  a  definite  constant  composition,  unlike  glass  ; 
is  hardly  attacked  by  any  corrosive  fumes  (except  F  and  H  F) 
and  is  indifferent  to  solvents.  It  is  also  as  transparent  to  ultra- 
violet radiation  as  quartz  while  it  has  not  its  double  refraction. 
Its  dispersive  power  is  sensibly  greater  than  that  of  quartz,  while 
the  refractive  index  is  low,  approaching  that  of  fluorite.  A  60° 
prism,  41'"'"  high  by  32™'°  wide,  was  made  with  great  care  from 
many  hundreds  of  fine  rods  of  vitreous  silica.  Another  compound 
prism,  66'"'"X38'°'",  was  made  of  four  distinct  slabs  of  silica  from 
separate  meltings ;  when  finished  its  performance  could  not  be 
distinguished  from  the  single  prism.  Values  of  the  refractive 
indices  for  the  latter  prism  are  given  for  a  series  of  wave-lengths 
from  7950  to  1852 -2;  for  D  (Na)  the  value  obtained  was  1-4584772. 
For  a  thin  doublet  of  fluorite  achromatized  by  vitreous  silica  it 
was  found  that  the  focal  length  was  almost  independent  of  wave- 
length.— Proc.  Hoy.  Soc,  Ixxiii,  201. 

1 1.  Terrestrial  Magnetism. — A  Department  of  International 
Research  in  Terrestrial  Magnetism  has  been  established  by  the 
Trustees  of  the  Carnegie  Institution.  An  appropriation  of 
$20,000  was  made  for  the  organization  of  the  work  and  an  annual 
grant  of  like  amount  is  expected  for  carrying  it  on.  Dr.  L.  A. 
Bauer,  who  now  has  charge  of  the  magnetic  work  of  the  Coast 
and  Geodetic  Survey,  has  been  appointed  Director  of  the  new 
Department. 

II.    Geology  and  Natural  History. 

1.  United  States  Geological  Survey. — The  following  publica- 
tions have  recently  been  issued  : 

Twenty-Fourth  Annual  Report,  1902-1903  ;  by  C.  D. 
Walcott,  Director.  230  pp.,  26  pis. — The  amount  of  work  under 
direction  of  the  Geological  Survey  may  be  judged  from  the  size 
of  the  appropriation,  which  last  year  amounted  to  $1,377,470. 
For  purely  geologic  work  there  was  allotted  $163,700.  A  section 
of  Petrology  has  been  created,  with  Mr.  Whitman  Cross  as 
geologist  in  charge.  The  principles  of  classification  and  nomen- 
clature adopted  m   1889  have  been  revised  and  a  new  code  of 
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regulations  for  tbe  making  of  tlie  Geologic  AtlAi>  has  been  pro- 
mulgated (pp.  3I-'iB).  A  apmal  appropriation  of  #00,000  made 
it  possible  to  send  five  field  parties  inlo  Alaska  and  the  expansion 
uf  the  work  led  the  Secretary  of  the  Interior  to  create  a  Divi&ion 
of  Alaskan  Mineral  Besoai-ces  in  charge  of  Mr.  A,  H.  Brooks. 
The  section  of  PhyBics  is  conducting  experinients  ujwn  the 
behavior  of  rock-forming  inineraU  and  upon  the  force  exerted  by 
growing  crystals.  PlanB  have  been  completed  by  Dr.  A,  L.  Day 
and  equipment  provided  for  enlar^ng  the  eoopc  of  this  work. 
The  hydrograpbic  work  of  the  Uinled  States  has  reached  enor- 
mous proportiouB  since  the  law  regarding  the  reclaiaation  of  arid 
lands  was  pissed.  Fonr  divisions  now  constitute  the  hydro- 
graphic  branch — hydrography,  hydrology,  hydro-economica  and 
reclamation  service  ;  and  (Lie  funds  a\ailablc  for  this  work  and 
not  included  in  the  appropriation  for  the  Geological  Surrey 
amount  to  over  t3,000,000  annually.  The  Survey  has  more  than 
ever  the  confidence  of  the  scientific  and  btisiness  world. 

Monograph  No.  XLVI.  The  Menominee  Iron-Bearing  Dis- 
trict of  Michigan  ;  by  William  ^HiitLEV  Batley.  513  pp.,  43 
plfl,,  64  figs. — This  is  the  sixth  and  the  last  of  the  series  of  mono- 
graphs to  be  published,  dealing  with  the  separate  iron-bearing 
atstricts  of  the  Lake  Superior  region.  Another  volume  devoted 
lo  the  general  geology  of  the  Lake  Superior  region  as  a  wbo1«  is 
to  follow. 

The  Menominee  distiiot  forms  a  narrow  tongue  with  aa  area 
of  1  IS  tiqnare  miles  on  tlie  Mtobtgan  nde  of  tbe  Meooininee  Rivet 
It  lias  belli  an  important  factor  in  ihe  iron  ore  production  Kinoe 
]877.  The  district  is  bordered  by  areas  of  Archeon  schistx  and 
granites.  The  Hiironian  sediment)<  of  the  district,  in  which  occur 
the  ore  bodies,  lie  in  a  irouwh  between  these  older  rocks.  Struc- 
turally this  trough  is  a  synclinorium  composed  of  several  impor- 
tant anticlines  and  synclints.  The  Iluroiiian  rooks  are  divided 
into  two  series  called  the  Upper  and  Lower  Menominee,  which 
arc  separated  from  each  other  hy  an  unconformity.  The  Lower 
Menominee  series  comprises  l.nso  to  1,250  feet  of  quartziles  and 
conglomerates  with  1,000  to  1,500  feet  of  dolomites,  TheVpncv 
Menominee  series  comprises  the  Vulcan  formation,  G50  feet  tlnck 
and  the  Hanbury  slate.  The  Vulcan  formation  includes  three 
members,  the  iroii-beariug  Traders  member,  consisting  largely  of 
dftrital  nri's  and  jasjiiliics,  hut  having  basal  layei-s  of  slaio, 
()navl/iif  and  cori.Ltlomerat.'  ;  the  lirior  member,  composed  of  fer- 
inj^iiioiK  and  silii'L'iuis  slates  and  tlit  Curry  member,  consisting  of 
(|ii:irt/itcs,  fcrruyinou'i  qiianzo'ie  slates,  jaspilites  and  ores. 

The  larger  nw  df|iip-.its  all  rest  upon  relatively  impervious 
fomiiliitioDs  hIu<'1i  ari'  in  stu-Ii  a  position  as  to  constilnle  pitchinj: 
iroujiiis,  Tliv  oivs  ..r  this  (lisirict,  like  (hose  of  ibe  Gogebic  and 
Mnn|u.(te  disliiels.u-.'reiotiffmratcd  by  descending  waters  flow- 
ing lij  di'fiiiiie  cliannels  ami  llii'  ;_'ener;d  iirocessos  involved  were 
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The  book  is  well  and  abundantly  illustrated  and  is  accompanied 
by  two  detailed  maps  of  the  region.  An  introductory  outline 
which  serves  to  give  a  brief  summary  of  the  different  chapters  is 
included.  w.  e.  f. 

Bulletin  No.  208.  Descriptive  Geology  of  Nevada  South  of 
the  Fortieth  Parallel  and  Adjacent  Portions  of  California  ;  by 
JosiAU  Edward  Spurk.  222  pp.,  8  pis.,  22  tigs. — One  of  the 
gaps  in  the  geologic  map  of  the  United  States  which  has  been 
heretofore  unfilled  is  southern  Nevada.  This  area  has  now  been 
mapped  in  a  preliminary  way  as  part  of  the  plan  to  publish  a  new 
general  geologic  map  of  the  United  States  on  the  scale  of  about 
40  miles  to  the  inch.  Mr.  Spurr  has  confined  himself  to  descrip- 
tive matter  and  has  included  in  his  bulletin  the  results  of  the 
geological  explorations  of  Wheeler  (1866),  Gilbert  (ISVl)  and 
other  workers. 

No.  218.  The  Coal  Resources  of  the  Yukon,  Alaska ;  by  Arthur 
J.  Collier.  67  pp.,  6  pis.,  3  figs. — Coal  of  commercial  impor- 
tance is  found  at  many  places  along  the  Yukon  Kiver.  It  occurs 
in  sandstones  of  Eocene  and  Upper  Cretaceous  age.  The  coal 
thus  far  mined  ranges  from  high  grade  lignite  to  "  rather  low 
grade  bituminous."  The  coal  beds  are  sufficient  to  supply  local 
demands  but  **  will  probably  never  supply  coal  for  exportation." 
Fossils,  many  of  them  entirely  new,  were  collected  from  fifty- 
three  localities  and  have  been  studied  by  Drs.  Stanton  and 
Knowlton  and  Mr.  Schuchert. 

No.  219.  The  Ore  Deposits  of  Tonopah,  Nevada;  by  J.  E. 
Spurr.  28  pp.,  1  ))!.,  4  figs. — A  detailed  final  report  of  the  inter- 
esting Tonopah  region  from  which  84,000,000  were  taken  the  first 
season  will  be  issue<l  later,  and  the  present  bulletin  gives  only  gen- 
eral outlines.  The  rocks  in  the  immediate  vicinity  of  Tonopah 
are  Tertiary  andesite,  dacite,  rhyolite  and  basalt  with  accompany- 
ing tuffs.  The  veins  occur  in  the  earliest  andesite,  and  after  a 
period  of  erosion  were  capped  by  later  lavas.  **  The  veins  were 
formed  bv  ascendinij:  waters  succeedinor  and  connected  with  the 
early  andesite  intrusion.-'  There  were  four  periods  of  hot  spring 
action  accompanied  by  vein  formation  and  mineralization  and 
each  of  these  periods  was  consequent  upon  lava  intrusion.  The 
ore  is  gold  and  silver  in  the  proportion  of  about  1  :  100  and  is 
unusually  free  from  base  metals. 

No.  220.  Mineral  Analyses  from  the  Laboratories  of  the  U.  S. 
Geological  Survey,  1880  to  1903;  tabulated  by  F.  \V.  Clarkk, 
chief  chemist.  114  pp. — 507  analyses  of  minerals  of  over  150  dis- 
tinct species  have  been  collected  from  the  laboratory  records,  and 
published  in  one  bulletin  for  convenient  reference. 

No.  221.  Bibliography  and  Index  of  North  American  Geology, 
Palaeontology,  Petrology  and  Mineralogy  for  the  year  1902  ;  by 
F.  B.  Weeks.     200  pp.' 

No.  222.  Catalogue  and  Index  of  the  Publications  of  the  Hay- 
den,  King,  Powell  and  Wheeler  Surveys;  by  L.  F.  Scumeckebieb. 
208  pp. — The  early  surveys  of  the  Western  United  States  include 
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Geological  and  Geographical  Survey  of  the  Territories  (Ilayden) 
with  pubiicalions extending  from  18G7to  1978;  Geological  Explo- 
ration of  the  Fortieth  Parallel  (King),  1871-80;  Oeoerapbical 
and  Geological  Surveys  of  the  Rocky  Mountain  Region  fPowell); 
Geographical  Surveys  West  of  the  100th  Meridian  (Wheeler). 
A  vast  amonnt  of  valuable  detail  is  contained  in  the  publications 
of  theee  early  surveyB  and  a  complete  catalogue  and  consolidated 
index  make  it  available.  Investigators,  etudente  and  librarians 
will  receive  this  bulletin  with  faearty  thankg. 

2.  Fossil  Footprints  of  the  Jura-lVim  of  North  America; 
y  Rica&KD  Swan  Lcll,  Ph.D.  Memoirs  of  the  Boiton  Society 
[  Natural  History,  vol.  v,  number  11 ;  pp.  461-557,  with  one 
plate  and  numerous  text-figures. — The  subject  of  the  ichnology 
of  the  Connecticut  River  valley,  so  remarkably  developed  by 
Edward  Hitchcock  in  his  works  of  1848,  1858  and  1896,  has 
leivcd  few  scientific  contributions  for  the  past  forty  years. 
During  this  period,  however,  the  study  of  the  dinosaurs  from  the 
west  has  very  greatly  extended  the  knowledge  of  early  reptiles, 
BO  that  at  the  present  time  the  conditions  are  much  more  favor- 
able than  formerly  for  a  proper  interpretation  of  the  problemat- 
ical footprints.  The  author  has  made  an  exhaustive  study  of  the 
type  specimens  of  Hitchcock,  most  of  them  preserved  in  the  col- 
lections at  Amherst  College,  and  the  results  are  given  in  this 
nemoir;  his  conclusions  are  here  quoted  in  full  from  the  closing 

'\  The  creatures,  the  record  of  whose  existence  has  remained 

rapressed  upon  the  ancient  shales  and  sandstones,  may  be  divided 
into  two  groups  in  accordance  with  their  mode  of  progression  : 
those  of  bipedal  and  those  of  ijuadrupedal  gait.  The  former,  it 
may  be  safely  assumed,  are,  in  all  probability,  dinosaurs,  for 
aside  from  man,  many  birds,  and  some  modern  lizards,  they  are 
the  only  vertebrates  whose  gait  when  erect  could  have  been  a 
true  walk  or  run  with  alternating  steps,  which  without  excep- 
tion the  bipedal  tracks  show,  there  being  no  instance  of  the 
record  of  a  jumping  form.  The  presence  of  birds  in  the  new  red 
sandstone  has  not  been  proven,  lizards  are  never  habitual  bipeds, 
man  is  clearly  out  of  the  question,  hence  by  elimination  we  nar- 
row the  possible  origin  of  such  tracks  down  to  the  dinosaurian 
forms.  This  conclusion  is  strengthened  by  the  presence  of  the 
foK.sil  bones  of  the  Anchisanridite,  a  family  of  primitive  carnivo- 
rous dinosaurs  having  affinities  with  the  Megalosauria. 

The  most  abundant  of  the  tracks  are  attributable  to  members 
of  that  family,  creatures  ranging  in  size  from  about  seven  to 
fourteen  feet,  so  truly  bipedal  that  the  manns  and  tail  never 
imjiress.  The  pes  is  tetradactyl,  but  only  exceptionally  does  the 
claw  of  the  strong  grasping  liallu.x  leave  a  mark.  The  claws  are 
rather  pointed  and  the  whole  foot  is  very  bird-like.  These 
footprints  form  a  natural  gronj>  to  which  the  generic  name  of 
Anchisauripus  is  given  and  wliich  corresponds  to  the  family 
Anchmiurklnc. 
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Allied  to  Anchisauripus  is  another  carnivorous  form  whose  foot 
is  more  specialized  than  that  of  the  former  in  the  enfeeblement 
of  the  hallux  and  increase  of  weight  which  has  rendered  the  foot 
flatter  and  its  pads  more  complex.  This  creature,  Gigandipus, 
reminds  one  strongly  of  the  Jurassic  Allosaurus,  though  in  the 
latter  the  claws  were  probably  more  trenchant  and  the  whole  foot 
more  efficient  as  a  grasping  organ.  Gigandipus,  known  from  but 
one  specimen,  shows  a  sinuous  caudal  trace.  The  dragging  of 
the  tail  probably  was  not  habitual,  but  occurred  only  when  the 
animal  was  slowing  down  before  stopping. 

Another  abundant  genus  is  Grallator,  characterized  by  very 
long  limbs  and  small,  compact  feet  without  an  impressing  hallux 
and  with  no  tail  trace.  The  proportions  of  length  of  limbs  to 
those  of  feet  are  the  same  as  in  the  bustards  and  the  forms 
which  made  the  tracks  were  probably  aberrant  carnivores  of 
habits  somewhat  similar  to  those  of  wading  birds,  possibly  feed- 
ing upon  feebler  reptiles  and  amphibians,  or  on  fish.  In  consider- 
ing tne  probable  relationship  of  this  genus  to  genera  known  from 
their  skeletal  remains,  one  is  reminded  strongly  of  Ornithomimus, 
a  Cretaceous  Compsognathoid  dinosaur.  Grallator  comprises  for 
the  most  part  small  forms,  the  smallest  species,  G,  gracilis,  indi- 
cating a  creature  but  two-thirds  the  size  of  Compsognathus,  the 
smallest  known  dinosaur,  whose  dimensions  may  be  compared 
with  those  of  the  domestic  cat. 

Among  the  habitually  bipedal  forms,  those  which  never 
impress  the  manus,  is  one  group  to  which  the  name  Eubrontes 
has  been  given.  It  includes  larger  and  heavier  forms  than 
Anchisauripus  with  more  blunted  claws,  but  Hitchcock  included 
it  with  the  latter  under  the  name  Eubrontes  and  the  later  name 
Brontozoum.  The  two  genera  are  so  different  in  character  that 
the  present  author  is  constrained  not  only  to  separate  them  gen- 
erically  but  ordinally  as  well,  for  the  lack  of  a  grasping  hallux, 
the  heavy,  slow-moving  tread,  and  the  blunter  claws  are  surely 
not  carnivorous  characteristics,  but  seem  to  point  rather  to  an 
herbivorous  habit  of  life.  It  may  be  that  instead  of  being 
Orthopod  or  Predentate  dinosaurs  the  Eubrontes  represent  another 
group  of  aberrant  Carnivora,  which  like  the  condor  {Sarco- 
rhamphua  gryphiis)^  because  of  carrion -feeding  habits,  did  not 
retain  the  raptorial  claws  of  its  predacious  allies.  The  genus 
Eubrontes  while  few  as  to  species  contains  some  of  the  most 
impressive  forms  which  are  fairly  numerous  as  to  individuals. 
Eubrontes  giganteus  represents  an  animal  of  massive  propor- 
tions and  of  about  twenty  feet  in  length,  which  is  nearly  the 
maximum  for  American  Triassic  dinosaurs,  though  much  inferior 
in  size  to  those  of  the  Jurassic  and  Cretaceous  periods.  Dinosaurs 
beyond  question  herbivorous  in  their  habits,  and  hence  belonging 
to  the  order  Orthopoda,  are  the  occasionally  quadrupedal  forms 
which,  though  walking  on  the  hind  feet,  placed  the  fore  feet  on 
the  ground  while  sitting.  This  shows  tnat  on  both  manus  and 
pes  the  claws  are  short  and  rounded  and  no  longer  subserve  a 
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-rasping  funotiou,  Tho  jiarticular  intereet  which  atUcheR  to 
hiB  fact  is  that  ii  is  the  first  evidence  we  have  of  Orthopoda  or 
Predentate  dinosaurs  in  the  Trias,  for  their  skeletal  remains  are 
entirely  unknown  either  in  this  country  or  in  Europe  from  the 
rooks  of  that  period. 

Anomoepus,  tho  most  oharacteristic  genus  among  the  her- 
bivorous forms,  had  a  pentadaotyl  manuB  with  rounded  olan-s  and 
a  tetradacty]  pes  with  somewhat  longer  but  still  blunled  claws. 
The  liallus  was  but  half  rotated  and  therefore  ill  fitted  for  grasp- 
ing, and  there  was  a  long  metatarsus,  or  heel,  on  which  the 
creature  rested.  The  tail  sometimes  dragged  jnst  before  ihe 
owner  came  to  rest,  but  at  other  times  was  held  clear  of  the 
ground  as  a  counterpoise  to  the  anlorior  part  of  the  body  as  in 
other  genera.  Anomncpiia  represents  a  group  of  small,  lightly 
built  creatures  ranging  in  size  from  A.  mhiimut,  about  three  feet 
in  length,  to  A.  craaant,  a  New  Jersey  form,  six  feet  long.  They 
are  amoii|;  the  most  numerous  and  interesting  of  all  of  the  iohnite 
genera  with  the  exception  of  Anchisauripus. 

The  genus  Fulioopiis,  whioh  the  writer  has  separated  from  the 
preceding  grouji,  sbows  a  greater  amount  of  weight  borne  on  the 
nind  limbs  white  sitting,  the  manus  resting  but  lightly  as  with 
the  kangaroo.  The  feet  resemble  those  of  Anchisauripus  more 
than  those  of  Anomnepiis,  there  being  less  divarication  or  diverg- 
ing of  the  digits,  though  the  position  of  the  hallux  is  as  in  the 
latter  genus,  A  curious  heart-shaped  impression  frequently 
occurs  ju9t  behind  and  between  the  impressions  of  the  heels,  and 
thin  was  attributed  liy  Iliich.-nfk  to  the  I'ud  uf  ii  truncated  tail, 
but  the  writer  believes  it  to  have  been  made  by  a  callosity  bene.ith 
the  apposed  extremities  of  the  ischial  bones.  Hypsilophodon,  of 
the  \Vealdeii  of  Europe,  raoat  nearly  suggests  the  probable  skele- 
tal char.icters  of  the  Anonioei)odoid  forms,  and  .is  Professor 
Osborn  has  shown,  presents  the  most  primitive  characters  of  any 
known  Orthopod.  It  is  difficult  to  conjecture  the  probable  habits 
of  Anomoepus,  other  than  that  the  animals  were  herbivorous. 
They  probably  came  to  the  mud  Hats  mainly  for  breeding  pur- 
poses, as  their  tracks  very  frequently  exhibit  a  distinct  sexual 
dimorphism  between  the  footprints  of  the  two  individuals. 

A  very  striking  though  r.ire  form,  Otozoum,  has  been  placed 
by  the  present  writer  among  the  Orthopoda,  although  the  structure 
of  itN  foi.t  is  unlike  thai  of  any  known  dinosaur.  Olo?;oHm  is 
prob/iblv  bi]>ed:il,  iliouirli  tliiTv  is  a  |ios>ilii!iiv  that  the  great  pes 
mav  have  oblitcnuid  Wit-  track  of  the  innrli  smaller  nianus.  TIr- 
foo'l  is  plantif^'iadf,  iftrat!a<-iyl,  uiih  all  of  the  digits  pointing 
forward  ami  with  rounded  pi'lk't-like  chtws  and  a  bro.idly  expand- 
ing wvb  or  flrsliv  pad  eMenfiinu'-omc  di^tan(■e  bevond"  the  ends 
of  thf  diL,'i!s.  lis  tirol)ablr  Innclion  was  (hat  of  supporting  the 
creature  on  ^ort  mud  rather  than  ;i  natatorial  one.  The  phalan- 
geal formula  of  the  j.es  i>  typically  dinosaurian,  while  that  of  the 
maims,  -1.  :1.  -i,  :i,  ^,  is  arri])liil)ian  or  oolylosaurian  and  would  be 
ab-oluU'ly  nnK|iie  in  a  dinosaur.     Tho  maniis  is  rarely  seen  and  is 
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so  obscure  that  there  is  a  reasonable  doubt  as  to  the  correctness 
of  its  interpretation.  In  one  instance  a  dragging  tail  is  shown 
which  is  absent  in  all  other  specimens  and  which  is  evidence  in 
favor  of  the  belief  that  the  animal  is  a  biped.  Otozouni  has  the 
largest  track  of  all,  measuring  twenty  inches  in  length,  but  the 
author  has  no  conception  of  the  appearance  of  the  creature  itself. 

Among  the  so-called  leptodactylous  or  narrow-toed  tracks,  are 
many  made  by  bipedal  forms  which  were  doubtless  dinosaurs, 
some  carnivorous,  and  some,  judging  from  the  manus  which  is 
occasionally  seen,  herbivorous  in  habits.  The  subsequent  slip- 
ping of  the  mud  after  the  withdrawal  of  the  foot  has  obliterated 
most  of  the  morphological  characters  from  the  impressions. 
Some  of  the  leptodactylous  forms  have  been  identified  with  the 
belter  known  genera  and  species  ;  others  which  cannot  be  so 
identified  because  of  their  obscurity  may  nevertheless  be  identi- 
cal with  known  .forms,  while  still  others  evidently  do  not  occur 
elsewhere.  It  is  a  notable  fact  that  while  the  number  of  genera 
and  species  which  have  been  erected  upon  these  impressions  is 
large,  the  number  of  individuals  represented  is  proportionately 
small,  and  these  are  mainly  from  one  or  two  localities. 

Of  the  truly  quadrupedal  forms  the  most  interesting  is  Batra- 
chopus,  whose  long  limbs,  tetradactyl,  plantigrade  pes  with 
acuminate  claws,  and  phalangeal  formula  of  2.  3.  4.  5,  and  whose 
pentadactyl  manus  are  such  as  one  would  expect  to  find  in  the 
dinosanrian  ancestor.  It  seems  possible,  therefore,  that  Batra- 
chopus  represents  a  persistent  type  whose  affinities  are  near  the 
dinosaur  stem  form  and  which  should  be  classed  with  Kadalio- 
saurus  in  the  superorder  Diaptosauria  of  Osborn.  Batrachopus 
may  have  been  a  true  dinosaur  which  had  retained,  among  other 
primitive  characters,  the  ancestral  quadrupedal  gait.  The  mode 
of  progression  was  a  true  walk  like  that  of  a  mammal  and  not 
the  sprawling  crawl  of  modern  reptiles.  Batrachopus  included 
small  forms  of  carnivorous  habits. 

There  remain  other  quadrupedal  forms,  generally  of  small  size, 
whose  tracks,  aside  from  the  number  of  digits,  size  of  the  foot, 
and  the  length  of  limb,  afford  almost  no  date  whereon  to  base  a 
theory  as  to  their  affinities.  Professor  Osborn  has  likened  ichno- 
logical  interpretation  to  the  deciphering  of  ancient  cuneiform 
inscriptions  which  are  utterly  unintelligible  unless  one  possesses 
the  key.  That  the  key  to  the  deciphering  of  the  dinosauroid 
tracks  has  been  found  seems  evident,  but  in  the  attempt  at  the 
interpretation  of  the  obscurer  quadrupedal  footprints  the  student 
is  still  very  much  in  the  dark." 

3.  The  Non-metallic  Minerals;  their  Occurrence  and  Uses; 
by  George  P.  Merrill,  Head  Curator  of  Geology  in  the  U.  S. 
National  Museum,  etc.  Pp.  xi,  414.  New  York,  1904  (John 
Wiley  &  Sons). — This  work  has  grown  out  of  the  author's  Guide 
to  the  Collections  in  Applied  Geology  in  the  U.  S.  National 
Masenm.  While  it  does  not  attempt  to  be  a  complete  text-book, 
it  brings  together  a  large  amount  of  interesting  data  in  regard 
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to  ibe  uses  of  the  uoti -metallic  mineralu  and  their  occurrence  and 
miniog,  particularly  with  ret'erencij  to  the  localities  in  this  coun- 
try. The  ininei'alogiBb  will  find  it  a  useful  and  instructive  vol- 
ume to  accompany  tbe  usual  text-books,  and  to  tlie  practical 
worker  it  will  be  an  almost  in  dispensable  compendium  of  infonma- 
tion  not  easily  found  elsewhere.  A  series  of  tliirty-two  plates 
ore  inlroduoed  in  addition  to  text  figures;  many  of  these  are 
devoted  to  views  of  miueial  quarries. 

4.  Lfkrbuoh  der  Minerahgie  :  von  Mas  Baukr.  Zveile, 
vOlIig  neubearbeitotc  Auflage.  Mit  «7U  fignreu.  Pp.  xii,  M*. 
Stuttgart,  1904  (E.  Nagele). — This  second  edition  of  the  well- 
known  teJCt-book  W  Professor  Bauer  gives  evidence  in  its  siae  of 
the  progress  whioli  the  science  has  made  since  the  first  edition 
was  published  in  1S86.  Tbe  volume  now  runs  to  nearly  one 
thousand  pages,  of  which  about  one-half  are  devoted  to  the 
physical  and  chemical  characters  of  tbe  t^pecies.  The  matter  ba« 
been  rewritten  throughout  from  the  modern  standpoint  and 
brought  strictly  up  to  date,  as  is  particularly  obvious  in  the 
chapters  devoted  to  Crystallography.  Tbe  descriptions  of  species 
are  full  aud  the  general  statement  of  characters  which  precedes 
each  group  adds  much  to  the  clearness  of  the  whole  discussion. 

■.  Annual  BuUeiin  of  the  Mineral  Heaourcet  of  JCantiu, 
3  ;  by  Erasmus  Hawokth,  State  Qeologist.  Pp.  135.  Law- 
rence, Kansas,  1903  (Tbe  UniversityGeologicalSurvey  of  Kansas). 
—The  total  production  of  the  mining  metallurgical  mdustries  of 
Kansas  amounted  to  over  |23,000,(>DO  in  190S,  a  much  larger  sum 
than  has  been  reached  before.  Tbe  most  important  developments 
of  the  year  were  in  the  production  of  coal,  tbe  yield  of  which  was 
upward  of  5,000,000  tons,  and  also  of  oil  and  gas  from  localities 
in  the  southeastern  part  of  the  state. 

6.  A  Bibliography  of  the  Geology,  Mineralogy  and  Paleon- 
tology of  Brazil ;  by  John  C.  Branner.  Pp.  115,  4to.  From 
vol.  xii  of  the  Aichivos  do  Museu  Naeioiial  do  Rio  de  Janeiro, 
1903. — This  is  tbe  tiriit  comprehensive  bibliography  of  the  geol- 
ogy of  Brazil  and  contains  1203  titles,  not  including  abstracts  and 
reviews.  The  author  remarks  that  the  great  bulk  of  the  geolog- 
ical work  in  the  country  has  been  done  by  Eschwege  and  by 
Derby,  the  influence  of  the  latter  having  been  particularly  impor- 
tant. 

7.  The  Willtunette  Meteorite;  by  Henky  A.  Ward.  Proceed- 
ings of  tbe  Ifochester  Academy  of  Science,  iv,  pp.  137-148. — The 
Willamette  meteorite  was  discovered  near  the  border  of  Clacka- 
mas County,  Oregon,  in  the  anlunin  of  1902.  It  is  remarkable 
for  its  very  great  size,  its  extreme  dinietisions  as  taken  by  Mr. 
Ward  being  as  followm  Leii<ftli,  Hi  fl.  3^  in.;  breadth,  7  ft.; 
vertical  height,  4  ft.;  circuuifereiicc  of  base,  25  ft.  4  in.  It  has  a 
roughly  conical  form,  witli  an  oval  base  and  dome-like  summit. 
Its  weight  is  estimated  as  beiiii;  approximately  13A  tons.  When 
the  mass  was  found  the  cone-sbaiied  portion  was  below,  while  tbe 
flat  base  was  near  the  surface  of  the  ground.     The  former,  which 
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was  obviously  the  front  side  in  the  progress  of  the  meteorite 
though  the  air,  shows  in  the  iirst  place  a  border  area  quite 
covered  with  the  usual  pittings;  also  a  number  of  round  well- 
defined  bore-holes  mostly  near  the  lower  border  explained  by  the 
disappearance  of  cylindrical  nodules  of  some  sulphide  as  troilite  ; 
and,  finally  a  series  of  deep  open  basins  and  broad  channels  of 
great  size,  which  are  regarded  as  owing  their  origin  to  the  friction 
of  the  compressed  air  in  the  rapid  passage  of  the  meteorite. 
The  base  of  the  mass,  10  ft.  X  7  ft.  in  dimensions,  is  also  remark- 
able in  another  way,  since  the  once  continuous  surface  is  now 
largely  replaced  by  a  labyrinth  of  basin-like  cavities,  some  of 
them  very  large.  These  are  believed  to  have  been  formed  by  the 
decomposition  of  the  mass  under  the  action  of  terrestrial  agencies, 
chiefly  water,  as  it  lay  for  an  unknown  period  with  the  side  exposed. 
An  etched  surface  of  the  iron  shows  the  usual  crystalline  figures 
and  assigns  the  meteorite  a  place  in  the  group  of  octahedral  irons. 
The  analysis  shows  that  the  mass  contains  8  per  cent  of  nickel. 
The  plates  accompanying  the  paper  give  striking  views  of  the 
remarkable  features  of  this  extraordinary  mass.  The  ownership 
is  at  present  the  subject  of  litigation,  so  that  the  final  disposition 
of  the  specimen  is  yet  in  doubt. 

8.  British  Tyroglyphidce ;  by  Albert  D.  Michakl.  Volume 
I,  1901,  pp.  xiii  +  291  ;  plates  xix;  Volume  11,  1903,  pp.  vii  + 
183;  plates  xxxix.  London  (The  Ray  Society). — Mr.  Michael's 
ability  as  a  student  of  Acarina  was  well  demonstrated  by  his 
excellent  monograph  of  the  Oribatidae,  published  by  the  Ray 
Society  in  the  40th  year  of  the  Society  (1883)  and  the  44th  year 
(1887).  His  work  upon  the  Tyroglyphidae  has,  therefore,  natu- 
rally attracted  much  attention  from  systematic  workers  in  Arach- 
nology.  The  first  volume  contains  a  full  history  of  literature,  an 
account  of  the  classification,  an  extended  description  of  the 
external  and  internal  anatomy,  and  a  chapter  on  the  development 
of  the  immature  stages.  These  chapters  are  followed  by  Part  II, 
which  contains  systematic  descriptions  of  the  genera  and  species 
through  the  important  and  remarkable  genus  Glycyphagus.  The 
second  volume,  beginning  with  the  genus  Chortoglyphus,  com- 
pletes the  British  fauna  in  this  important  family.  There  is  added 
to  this  a  list  of  the  species  foreign  to  Great  Britain,  and  a  bibli- 
o^aphy.  In  his  review  of  the  classification  of  the  Acarina,  Mr. 
Michael,  I  think,  does  an  inadvertent  injustice  to  an  American 
author,  Mr.  Nathan  Banks,  in  his  criticism  of  Banks's  classifica- 
tion published  in  1894.  In  the  classification  of  the  American 
writer  little  attempt  was  made  at  novelty  in  the  characters 
employed.  It  was  based  upon  the  previous  classifications  of 
Canestrini  and  Trouessart,  and,  with  slight  modifications  of  these 
systems,  consisted  mainly  in  the  erection  of  the  principal  groups 
into  snperfamilies  with  the  *'  oidea  "  termination  now  generally 
adopted  by  systematic  zoologists  as  indicative  of  superfamily 
rank.  The  points  criticised  by  Michael  in  the  classification  are 
points  originated  by  Trouessart  and  Canestrini  and  not  by  Banks. 
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The  group  Tyroglyphida?  id  a  most  interesting  and  iinportaDt 
one,  comiirising,  as  it  fioec.  species  which  occur  commonly  v\n>n 
flour  aud  meal,  upon  cheese,  upon  dried  vegetables  and  drugs, 
and  npon  various  plant  growths,  usually  moribund  but  occasion- 
ally probably  healthy.  Interesting  errors  have  occurred  in  pre- 
vious observations  upon  mites  of  this  family,  and  especially  the 
striking  blunder  of  CrosM,  who  believed  that  he  had  created  one 
species  in  his  galvsnio  batlenes.  Another  error  has  been  the 
description  of  species  brought  np  as  living  in  the  depths  of  the 
sen,  when,  in  reality,  the  dredge  had  picked  them  off  the  surface 
of  the  water  on  which  they  were  floating.  Systematiets  in  other 
gronps  in  zoology  will  be  interested  to  note  that  Mr.  Michael 
fleeina  not  disposed  to  agree  to  the  opinion  of  the  committee  of 
the  International  Zoological  Congress,  that  tlie  rule  abolishing 
names  founded  upon  larval  forms  should  hold  with  the  Acarina. 
Economic  entomologists  will  be  especially  interested  in  Mr. 
filichael's  conclusion  that  Tyroglyphua  ph}/Uoxer<g  Biley,  a  species 
which  was  supposed  to  feed  on  the  grape  vine  phylloxera  and 
which  was  imported  from  the  United  Slates  into  France  to  destroy 
this  great  pesi,  is  a  synonym  of  T.  mi/ophagm  Mfignin.  does  not 
feed  on  living  insects,  and  already  existed  in  France.  The  plates 
are  very  carefully  done  and  are  very  beautiful.  To  the  reader 
not  previously  informed  concerning  tfie  anatomy  of  the  species  of 
Glyoyphagas,  for  example,  the  representation  of  several  species 
of  this  genus  may  he  a  revelation.  l.  o.  uoward. 

III.      MlBC&LLANEUUS    SCIENTIFIC    InTKLUGBNCE. 

1.  XiUlonal  Academy  of  Sciences. — The  spring  meeting  of  the 
National  Academy  was  held  at  Washington,  April  19  to  -22. 

Four  new  members  were  elected  at  this  meeting :  William 
Morris  Davis,  Harvard  irniversitv ;  William  Fogg  Osgood, 
Harvard  University;  William  T.  Councilman,  Harvard  Med iia! 
School;  John  U,  Nef,  Professor  of  Chemistry,  Chicago  Uni- 
versity. 

The  following  foreign  associates  were  also  elected  :  Prof.  Dr. 
Paul  Khrlidi.  Fraukfurt;  Prof.  Dr.  II.  Rosenbusch,  Heidelberg: 
Prof.  Kniil  FischiT,  Berlin  ;  Sir  William  Ramsny,  London  ;  Sir 
William  IIugir^^l^  I-oridon  ;  Prof.  Geo.  H.  Darwin,  Cambridge ; 
Prof.  Hnyo  do  Viies,  Amsterdam  ;  Prof.  Lndwig  Boltzmann, 
Viennii.  The  Draper  gold  medal  was  presented  to  Prof.  George 
E.  Hale  of  till'  Yerkts  Observatory,  for  liis  researches  in  astro- 
pliysi<;s. 

Tlu-  fnllewing  is  tlu'  list  of  pa].sM-s  |irescnteil  : 

E.  [,.  Nii.ncK.K  jiiid   EiiXEST  MKiutirr  ;  On  fliiDn-scnife  spectra. 

TFCEommK  I.VMVN-:  S}i,>rt  «iivi-l.>!ij;tliHi.f  lii-ht. 
n.    \V.    Mriiisi::   S|.,ttriM'r'"iiii-iniy  the  Welinelt  interrupter. 
(fcintiiE  F.   H  viiiiKH  :  Nil-'  Mil  riiilio-notivity  uuil  autuhuuinpsceuce. 
R.   S.    \V(inim-A»ii;     A    dmilili.   snspn[i"iciii   ii]ijmratus  for  clet^rmiiimj;  tlie 
act  fU'i-jittoti  iif  i:ivivity.     Ttic  riim|irfs>iihilityi>f  t!u'  purtira  maes  required  by 
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Henry  L.  Abbot  :  The  diBposition  of  rainfall  in  the  basin  of  the  Chagres. 

A.  F.  Zahm  :  Surface  friction  of  the  air  at  speeds  below  40  feet  a  second. 

R.  H.  Chittenden:  Physiologicaleconomy  innutrition,  with  special  refer- 
ence to  the  minimal  prot«id  requirement  of  the  healthy  man. 
-  Henry  F.  Osborn  :    Recent  paleontological  discoveries  by  the  American 
Mnsemn  exploring  parties.     Reclassification  of  the  Reptilia. 

W.  D.  Matthew  :  Position  of  the  limbs  in  the  Sauropoda. 

Horatio  C.  Wood,  Jk.  :    A  preliminary  report  upon  Apocynum  canna- 
binnm. 

Arthur  T.  Hadley  :  Biographical  memoir  of  James  Hadley. 

Charles  L.  Jackson  :  Biographical  memoir  of  Henry  Barker  Hill. 

Alexander  Graham  Bell  :  The  multi-nippled  sheep  of  Beiun  Bhreagh. 

Simon  Newcomb  :  Application  of  new  statistical  methods  to  the  question 
of  the  causes  influencing  sex. 

C.  S.  Peirce  :  Note  on  the  simplest  possible  branch  of  mathematics. 

2.  Report  of  the  Su2)erwten(Ient  of  the  Coast  and  Geodetic 
Survey^  showing  the  Progress  of  the  Work  from  July  i,  1902  to 
June  30^  1903.  Pp.  1032,  4to,  with  numerous  plates  and  sketch 
maps.  Washington,  1903. — This  volume  contains  the  usual  report 
(pp.  1-22)  by  tlie  superintendent,  O.  II.  Tittmannn,  of  the  work 
accomplished  by  the  Survey  in  the  year  ending  June  30,  1903. 
Then  follow  seven  Aj)pendixe8  on  details  of  field  and  of  office 
operations;  on  ])recise  leveling  in  the  United  States  1900-3;  on 
triangulation  southward  along  the  ninety-eighth  meridian  in  1902; 
on  magnetic  observations  from  July  1,  1902  to  June  30,  1903,  etc. 

3.  Tlie  1900  Solar  EcLij>se  E'xpedition  of  the  Astrophysical 
Observatory  of  the  Smithsonian  InstitiUioji ;  by  S.  P.  Langley, 
Director,  aided  by  C.  G.  Abbot.  Pp.  26  with  twenty-two  plates. 
Washington,  1904. — The  official  report  of  the  highly  successful 
observations  of  the  1900  solar  eclipse  by  the  Smithsonian  })arty  at 
Wadesboro,  N.  C,  is  here  presented.  Of  the  accompanying  plates 
the  first  gives  a  striking  general  view  of  the  corona  obtained  from 
a  82-8econd  exposure  with  the  11-foot  focus  camera;  other  beauti- 
ful plates  give  detailed  illustrations  of  portions  of  the  inner  corona 
from  16-second  exposure  with  the  135 -foot  focus  camera,  etc. 

4.  Physique  du  Globe  et  Jleteorologie ;  par  A.  Behcet.  Pp. 
353  ;  128  figures  and  14  colored  double-page  ]>lates.  Paris,  1903 
(C.  Naud). — This  volume  is  the  basis  of  an  elementary  course 
which  the  author  is  conducting  at  the  Sorbonne,  and  a])pears  at 
the  suggestion  of  M.  Velain.  It  is  a  serious  and,  on  the  whole, 
rather  successful  effort  to  collect  all  of  the  known  facts  that 
bear  on  meteorology.  It  is  essentially  non-mathematical  ;  even 
elementary  niatliematical  discussions  being  separated  from  the 
text  proper  by  smaller  type. 

The  book  is  divided  into  three  parts,  the  first  treating  of 
terrestrial  physics  ;  124  pages  being  devoted  to  the  discussion  of 
the  size  and  position  of  the  earth,  its  movements,  determination  of 
its  density,  universal  gravitation,  cosmogony,  geodesy,  the  meth- 
ods of  determining  g,  with  historical  treatment,  and  terrestrial 
magnetism. 

The  second  part  deals  with  the  physics  of  the  ocean;  its  consti- 
tution, tides,  the  propagation  of  waves  and  currents  are  consid- 
ered.     The  remainder  of  the  book  is  devoted  to  the  physics  of 
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the  atmosphere,  under  the  toptos  :  astronomical  phenomena,  con- 
stitution of  atmosphere,  actinomelry,  atmospheric  pressure,  winds, 
cyclones  and  a nti- cyclones,  oenlera  of  high  pressures,  periodical 
winds,  general  circnlalioD,  atmospheric  perturbations,  hygrom- 
etry,  electrical  phenomena,  eliraatc,  forecasting. 

The  treatment  is  thoroughly  French  ;  still,  the  author  acknow- 
ledges his  regret  that  the  observations  in  different  parts  of  Prance 
(where  they  appear  to  differ  in  lime  by  as  much  as  four  to  Ave 
hours)  are  not  made  simultaneously  and  frequently  as  are  those  in 
this  country.  The  slowness  in  the  development  of  meteorologr,  he 
considers,  is  due  rather  to  a  lack  of  skill  exercised  in  nui^ing 
observations  than  to  any  lack  iu  the  volume  of  records. 

Despite  the  variety  uf  suhjeuts  treated,  the  hook  is  without  an 
index.  D.  A.  K. 

5,  Ostwald'a  Jilasaiker  der  Exaelen  Wisaensc/iaften,  Leipzig, 
(Wilhelm  Engelmaun),— The  following  volumes  have  been  recently 
added  to  this  important  collection  of  repriiils  of  classical  scien- 
tific memoirs; 

Xo  140.  EiperiraentaMJolersHchungen  (Iber  Elcktrioil&t ;  von 
Michael  Faraday.  XX  bis  XXIII  lieilie.  Ilerausgegeben  von 
A.  3.  von  Oettiiigen.     Pp.  174, 

No.  141.  Cher  die  Hestimmung  eirter  Elliptischen  Bahn  aas 
drei  vollstandigen  Heobachtungen  ;  von  J.  F,  Eucke.  ttber  die 
Bestimmune  der  Uahti  eines  Mimmelskorpers  aus  drei  Beohacht- 
ungen  von  P.  A.  Uaimeii.  llerauagegeben ;  von  J.  B&uschinger. 
Pp.  103. 

No.  !42.  Fdnf  Alihandlurigen  (Iberabsolute  elektrisolie  Strom- 
und  Widei-atandsniessung,  von  Wilhelm  Meyer  und  Rudolph 
Kohlrausch.    Herausgegeben  ;  vonFriedrich  Kohlrausch.   Pp.116. 

U.  Studies  ill  Hetero'jen^sis ;  by  II.  Charlton-  Bastian.  Pp. 
ix  +  354  +  xxxvii,  19  pis.  containing  815  reproductions  from  micro- 
photographs.  London,  1904  (Williams  ifc  Norgate.) — Heterogene- 
sis  as  defined  by  Dr.  Bastian  is  "  the  production  from  the  substance 
of  organisms  or  their  germs  of  alien  forms  of  life."  Numerous 
iustances  are  given  to  show  transformation  of  the  content.^  of 
vegetal  cells  to  amsba!  and  monads,  of  algre  to  diatoms.  The 
egg  of  the  Hydalina  can  be  transformed  into  a  ciliated  infu- 
soriau  !  The  processes  by  which  Dr.  Bastian  arrives  at  his  start- 
ling conclusions  will  hardly  staud  the  te.st  of  modern  scientific 
research. 

OldTl  AHV. 

M.  F,  A.  FouQi'K,  the  distinguinheil  French  geologist,  petrog- 
raplier  and  mineralogist,  died  at  Paris  ou  March  7,  in  his  seventy- 

M.  HKSRt  Pi:ri!(>tin,  (he  eminent  French  astronomer.  Director 
of  the  ObMM-vniorv  ;il  Ni<>e,  died  earlv  in  March  at  the  age  of 
tU'tv-eigln  vf.ivs. 

Proffssor  FitEiiiiiK  Adam  Smitt,  the  well  known  Swedish 
geologist,  liii'd  oil  I'Vliruarv  10,  in  his  sixiy-tifth  year. 

*"      '  "  '■    he  jiioiLffi's  in  science  in  this  couu- 

I  February  JT,  in  his  eighty-seventh 
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One  of  America's  leading  paleontologists,  in  the  fullness  of 
intellectual  power,  suddenly  passed  away  on  February  14, 1904, 
in  the  midst  of  his  familv  and  work.  Few  men  were  better 
prepared  and  more  promising  of  great  results  for  the  next 
twenty  years  than  Charles  E.  Beecher.  "  There  is  no  doubt 
that  in  the  death  of  Professor  Beecher,  not  only  has  Yale  sus- 
tained a  serious  loss  and  paleontology  a  severe  blow,  but  the 
ranks  of  those  capable  of  bringing  to  the  study  of  fossils  keen 
insight  and  a  philosophical  spirit  of  enquiry,  guided  by  prin- 
ciples whose  value  can  hardly  he  exaggerated,  are  diminished 
by  one  whom  science  could  ill  afford  to  lose,  and  to  whom, 
humanly  speaking,  there  should  have  remained  many  years  of 
industry  and  fruitful  research."  (W.  H.  Dall,  Science,  March 
18,  1904.) 

Like  most  successful  students  of  organic  life,  Beecher  was 
a  bom  naturalist.  As  a  boy  of  twelve  years  he  began  to  make 
a  collection  of  recent  shells  and  fossils,  continuing  to  add  to 
this  for  the  next  thirty  years,  when,  in  1890,  he  presented 
Yale  University,  "unconditionally,"  with  upwards  of  100,000 
fossils.  In  the  field  few  excelled  Beecher  as  a  collector. 
When  twenty  years  of  age  he  published  his  first  paper — a  list 
of  the  land  and  fresh-water  shells  of  Ann  Arbor,  Michigan. 
For  the  next  eight  years  he  published  nothing,  his  second 
paper  appearing  in  1884,  and  in  1888,  when  he  left  Albany, 
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there  were  but  twelve  papers  to  liis  credit.  Since  tbat  time, 
dnriiij?  the  years  spent  at  Nuw  Haven,  lie  has  written  tiftj- 
eight  articles,  making  a  total  of  seveuty  uumberB  in  his  bibli- 
ography. Ab  a  paleontfjlogittt  he  hef^n  by  deecribing  epecies 
and  genera,  but  later  he  took  almost  no  interest  in  this  kind  of 
work.  Often  he  told  the  writer  that  be  wished  all  our  foBsiU 
were  named.  Of  fannal  and  stratigraphic  papers  lie  has  five, 
and  of  new  species  he  described  but  tliirty-sis.  He  defineil 
nine  new  genera  and  seven  new  orders.  During  the  past  lif 
teen  years  bis  mind  was  absorbed  in  working  out  the  ontoge- 
netic stages  in  foasil  species  and  in  tracing  their  genetic  sequence 
through  the  geological  formations.  To  Beecher  we  owe  thi? 
first  natural  classification  of  the  Braehiopoda  and  Trilobitn, 
l>ased  on  the  law  of  recapltnlattun  and  on  chronogeneeis.  He 
also  gave  a  very  philosophic  account  as  to  tbe  origin  and  sig- 
nificance of  spines  in  plnuts  and  animals.  On  these  works  his 
reputation  in  days  to  come  will  cbiefiy  rest. 

Beecber  was  not  only  a  bora  natui-alist  but  also  had  mncli 
nieclianical  ability.  Nothing  pleased  him  more  than  to  fi-oe 
fossils  from  the  surronnding  matrix,  and  bis  unexcolled  talent 
in  this  direction  is  shown  in  the  preparations  of  Triurthrus 
and  Tflnudeun  in  the  Yale  University  museum.  More  than 
500  specimens  have  been  prepared  by  liim  and  this  work  has 
required  peculiar  skill,  patience,  ingenuity,  and  a  great  deal  of 
time.  Few  can  appreciate  Beecher's  remarkable  talent  in 
cleaning  tbe  adhering  black  inhale  from  these  small  specimeOf, 
and  it  will  be  a  long  time  before  another  will  be  found  who 
can  equal  him  in  this  respect.  It  i.s  very  unfortunate  that  he 
did  not  live  to  coniplcte  bis  studies  on  the  trilobites,  but  ln^ 
left  nil  the  better  specimens  completely  worked  oat,  and  of 
most  of  these  be  had  made  plioti>gra])hs  and  drawings.  His 
[iieclifiiiii'al  bent  was  also  evidenced  iit  hislioTiie,  where  he  bad  n 
),L-iicli  uiid  11  large  kit  of  e...ils.  Mere  his  diversi(m  consiste.i  iii 
luiiUing  lirn>s  wrolls,  shclvi.'s,  and  .lelieiitely  carved  boxc<)  au.l 
cheats.  His  prcparatii.ns  fur  the  miei',.!;eope,  also,  are  of  tlii- 
best, and  mni'h  rime  In  bi^  earlier  year>  was  ^pcntin  freeing  ami 
mouritiTig  the  lingual  deiiliriini  in  >niall  .-species  of  living  gas- 
tropods. Ilelikewi-,'  niodrird  and  made  a  life-size  restoratieii 
of  Ilie  Itevnaiali  -iaiit  .Vy/../,  r/,vM. 
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After  Beecher's  appointment  as  Curator  of  the  geological 
collections  at  Yale,  he  also  undertook  to  arrange,  develop,  and 
place  on  exhibition  the  large  Marsh  collection  of  vertebrates. 
His  work  in  this  connection,  however,  was  chiefly  directive, 
although  he  assisted  considerably  in  the  mechanical  work  of 
the  large  mounts  of  Claosanrus  annecteris  and  Brontosaiirus. 
The  life-like  poses  selected  for  these  specimens  are  evidences 
of  his  artistic  perception.  The  former  he  has  described  at 
length  in  the  Transactions  of  the  Connecticut  Academy. 

Charles  Emerson  Beecher,  son  of  Moses  and  Emily  D. 
Beecher,  was  born  in  Dunkirk,  New  York,  October  9,  1856. 
Not  long  after  this  date,  his  ])arents  removed  to  Warren,  Penn- 
sylvania, where  he  prepare<l  for  college  at  the  High  School,  and 
was  graduated  from  the  University  of  Michigan,  receiving  the 
degree  of  B.S.  in  1878.  The  ten  succeeding  years  he  served 
as  an  assistant  to  Professor  James  Hall,  and  in  1888  removed 
to  New  Haven  to  take  charge  of  the  collections  of  invertebrate 
fossils  in  the  Peabody  Museum.  His  career  as  a  teacher  of 
geology  began  in  1891  when  for  two  years  he  took  charge  of 
Dana's  classes  at  Yale,  and  in  1892  he  was  made  Assistant 
Professor  of  Historical  Geology  in  the  Sheflield  Scientific 
School,  serving  in  this  capacity  until  1897  when  he  became 
Professor  of  Historical  Geology  and  a  member  of  the  Govern- 
ing Board  in  the  Sheffield  Scientific  School.  In  1899  he  suc- 
ceeded the  late  Professor  ilarsh  as  Curator  of  the  geological 
collections,  and  was  made  a  member  of,  and  secretary  to,  the 
Board  of  Trustees  of  the  Museum.  In  1902  his  title  was 
changed  to  that  of  University  Professor  of  Paleontology.  He 
was  eminent! v  successful  as  a  teacher  both  with  under»^raduate8 
and  with  advanced  students,  his  enthusiasm  and  kindliness  of 
character  arousing  at  once  tlieir  interest  and  devotion. 

Professor  (."Chittenden,  director  of  the  Sheffield  Scientific 
School,  has  said  of  Beecher:  "Quiet  and  unassuming  he  never 
sought  adulation,  but  where  there  was  earnest  work  to  be  done, 
requiring  skill,  patience  and  good  judgment,  he  would  labor 
quietly  and  industriously,  bringing  to  bear  upon  the  problem 
such  a  measure  of  common  sense  and  of  thoughtfulness  that 
confidence  and  respect   for  his  conclusions  were  inevitable. 
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As  a  friend  ho  was  loyal  and  truetworthj,  and 

liie  memory  will  always  be  cherished  by  his  asnociateB  in  the 
Sheffield  Scientiiic  Scliuol  with  a  full  realization  of  the  great 
088  they  have  sustained  in  Iiia  removal  from  their  midst,  and 
ritb  an  eqnal  realization  of  the  great  loss  tn  the  institution  to 
which  he  was  so  ardently  devoted  and  in  the  future  of  which 
he  had  such  great  confidence." 

Beecher  received  the  degree  of  Ph.D.  from  Valo  in  ISSU, 
bis  thesis  being  a  memoir  on  the  Ordovician  BrachioepougidK. 
In  1899  he  was  elected  a  member  of  the  National  Academy  of 
Sciences,  a  foreign  correspondent  of  the  Geological  Society  of 
London,  and  a  fellow  of  the  Geological  Society  of  America. 
In  1900  he  was  elected  President  of  tlie  Connecticut  Academy 
of  Arts  and  Sciences,  and  filled  this  oflice  for  two  years.  He 
was  also  a  member  of  the  American  Association  of  Concholo- 
gists,  Geological  Society  of  Washington,  Boston  Society  of 
Natuml  History,  and  Malacological  Society  of  London. 

Beecher's  first  paleontolo^c  paper  waj*  published  by  thu 
OeoIogic&I  Survey  of  Pennsylvania  in  1884,  when  be  was 
twenty-eight  years  old.  It  treated  of  new  genera  and  species 
of  Phyllocarida  from  the  Devonian,  a  group  of  rare  Crustacea, 
most  of  which  he  had  found  about  his  home.  lie  was  always 
on  tbf  lookout  for  the^re  rare  fossils,  and  after  securing  many 
hundred  ailditional  specitnons,  lie  again  returned  to  the  subject, 
and  in  ll)i>2,  in  a  paper  puldisbed  by  the  Geological  Society  of 
London,  embodied  all  that  i.s  known  of  the  ITpper  I>evonian 
Pliyllijcarida  of  Pennsylvania. 

If,  during  the  past  ten  years,  Bceclier's  time  had  not  been  so 
much  taken  up  with  trilobitos,  be  pi-obably  would  liave  worked 
out  !i  pbylogenetic  classification  of  tlic  curals.  In  f  S'.l  I  he  pub- 
liiilicd  two  imiH.rtaut  iiapcrs  on  p!tk'iizi.i<'  corals,  one  Inised  mi 
Pleuro-IU-t >/•'„•  h;.t!c"hirf  iiuil  tlif  uthcr  on  J^V7„7;;*/,(  .■„„■ 
CAM.     Hcc,.ii(-]ud,-d  tbiitpuritVi'uusc.rals  begin  with  a  simple 

appi'iiring  r..Wi,id  ihr  end  '4  this  .-ta-e.     These  features  "  in.ii- 
eiite  :i|iiiniit!ve.  .-imple.  iiiid  liiipeHnriite  ancestry  for  tlie  Per- 

liiial  st;i,i;e  Itj  /'.  U.nt'--'il<.<,:  !ia>  at  lea-t  >fve!i  mural  pores  uperi- 
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ing  into  the  primaiy  calyx.  In  regard  to  the  mnral  pores,  he 
concluded  from  a  stndy  of  them  in  FdvositeSj  SCriatapora^  Pleu- 
rodtctyum^  and  Mich^linia^  that  they  "  are  ineffectual  attempts 
at  budding,  resulting  only  in  the  perforation  of  the  cell  walls." 

In  his  third  paper  on  corals  he  states  that  a  specimen  of 
jRomingeria  umbellifera  measuring  100x200""™  has  approxi- 
mately 1500  corallites  on  each  zone,  or  4500  on  the  three  zones. 
In  85  per  cent  of  individuals  each  corallite  gives  rise  to  twelve 
buds,  so  that  if  each  of  the  1500  corallites  of  the  basal  zone 
give  rise  to  twelve  buds,  there  should  be  on  the  third  zone 
258,500  corallites.  However,  as  there  are  only  4500  in  the 
specimen  in  the  three  zones,  '*  this  shows  a  suppression  of 
243,000  corallites  on  two  zones." 

Beecher's  first  turn  from  stratigraphic  paloentology  to  pure 
paleo-biology  and  correlation  had  its  origin  in  the  brachiopods. 
While  at  Albany  he  became  acquainted  with  Hyatt's  principles, 
although  it  was  not  until  he  had  been  some  years  at  New 
Haven  that  he  fully  appreciated  their  application  to  fossils. 
Hall  had  made  large  collections  of  the  Silurian  fossils  at 
Waldron,  Indiana.  This  collection  contained  many  slabs,  and, 
as  much  loose  clay  adhered  to  them,  Beecher  saved  the  wash- 
ings and  out  of  these  he  and  Clarke  obtained  about  50,000 
specimens  of  young  brachiopods.  Their  results  were  published 
in  1889  in  a  well-illustrated  paper  entitled  "  Development  of 
some  Silurian  Brachiopods."  In  summing  up  the  developmen- 
tal changes,  they  made  the  following  very  significant  state- 
ment: "In  nearly  every  species  the  inceptive  state  is  repre- 
sented by  a  shell  having  a  subcircular  outline,  with  valves  of 
slight  convexity.  This  phase  usually  disappears  before  the 
individual  reaches  a  length  of  1'""',  after  which  the  specific 
characters  are  assumed."  Widely  differing  species  "  are  alike 
in  form,  contour,  convexity,  beaks,  and  cardinal  area,  and  the 
only  marked  differences  are  to  be  found  in  the  faint  indications 
of  plications,  striae,  folds  and  sinuses." 

From  a  study  of  the  nature  of  the  pedicle  opening  they  con- 
dnded  that  the  "  phylogenetic  development*  tended  in  two 
main  channels — one  leading  through  Strophoviena^  Soenidium^ 
Orthisinaj  LepUBna^  Chonetes^  ProdtcctuSj  and  Strophalosia^ 
and  the  other  in  the  direction    of  RhynchoneUa^  Spii^ifeVj 
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Atrifpa,  Retsia,  and  Tfrehratu/a."  It  will  lie  noticed  that 
this  arrangfetnent  of  widely  ditfcring  jjenera  foreshadow§ 
two  orders  of  lirachiopode  for  which  Beecher  later  pro))oi;ed 
Neotremata  and  Teiotremata. 

&Iy  acqnaiiiCance  with  Beecher  began  in  188d,  and  at  that 
time  it  was  evident  tliat  the  paper  just  referred  to  was  being 
connidered  with  a  hotter  nnderHtanding  of  what  Hyatt's  prin- 
ciples meant  when  applied  to  Braciiiojxida.  The  very  fact  lliat 
nearly  all  the  Waldroii,  Indiana,  hrachiopodii  1>egan  with 
smooth  shells  having  a  snbcircnlar  outline,  led  him  to  l(M)k  for 
thifi  tmrly  stage  in  otlier  genera,  hut  as  tio  other  young  shells 
were  at  hand,  he  resorted  to  a  study  of  the  bcalcs  in  well-pre- 
served examples  of  mature  shells.  During  the  fall  of  1890  he 
spent  nearly  a  week  going  through  tny  collection,  and  with 
studies  made  on  other  collections  he  was  able  to  announce  in 
the  spring  of  1891  that  he  had  seen  the  initial  shell  in  fifteen 
families  as  recognized  by  (Ehlert  in  Fischer's  "Manuel  de 
Conchyliologie,"  these  Iieing  represented  by  forty  genera. 

At  thin  time  he  made  the  important  announcement  "  that  nil 
bracfaiopods,  so  far  as  studied  by  the  wHter,  hare  a  eomuion 
form  of  embrvonic  ulioll,  which  may  he  termed  the p/-nf<'/fifhnii." 
The  protegulum  is  the  phylemhrynnic  stage  of  Brachiiipoda. 
A  prototy])e  preserving  throughout  its  development  the  main 
features  of  the  pmteguliim  was  at  lirst  supposed  to  exist  in  the 
I^wor  Cambrian  /'"frH/i'i.  hnt  as  this  proved  to  be  identical 
in  Htrnctni-e  with  Iphi'lM,  the  conclusion  hail  to  be  abandoned. 
However,  at  maturity  this  gi'uus  is  so  closely  related  in  general 
form  with  the  ]jroteguhiin,  thiit  we  may  lio]>e  at  any  time  to 
tind  the  pnitotype. 

A  study  of  the  stages  of  growth  in  many  brachio pods,  froin 
the  Cambrian  to  the  living  fnnns,  enabled  lieecher  to  shuw 
tiiiit  t!n'  old  classiticiitinns  based  iii">n  the  prtvence  or  absence 
iif  hinge  teeth,  the  nature  "f  the  inle-^liiial  canal,  etc..  were  n..r 
expressive  of  genetic  relatinMship.  He  demonstrated  that  on 
the  basis  of  types  of  }>('iii(r!c  ui>cniMgs  all  braehiopods  areiiatn- 
rally  ^mnpcd  int.^  fonr  onirr-.  of  which  two  are  without  and 
two  possess  hinge  tertli.  The  tno>t  primitive  onler  {Lin.jiihi. 
etc.)  he  named  Alrcniata.  an<l  tliis  i;ave  rise  directly  to  ilie 
Teiotremata  \h'l.i,nr!.„„.ll.<.  Tcr-'hrafxhi,  etc.).  The  Neotre- 
mata {Vraiiui.  Dixi-'iiKi.  etc.)  also  uriginatcd  in  the  Atremata, 
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and  from  the  former  descended  the  Protremata  {Strophameyia^ 
Productua^  etc.). 

One  of  the  clearest  cases  of  parallelism  between  the  ontogeny 
and  phylogeny  in  a  group  of  invertebrates  was  described  by 
Beecher.  Living  s])ecies  of  the  family  Terebratellidae  have 
a  very  wide  distribution,  and  he  showed  that  the  highest  genera 
of  the  austral  forms  "pass  through  stages  corellated  with  the 
adult  structure  in  the  genera  Gwynia^  Cistella^  Bourchardia^ 
Megerlina^  Magas^  McujaseUa^  and  Terebratella^  and  reach 
their  final  development  in  MagellaniaP  In  the  forms  having 
a  boreal  distribution  the  metamorphoses  corellate  "  with  adult 
structures  of  Gwynia^  Cistella^  Platidia^  iHiaenia^  Miihl- 
fddtia^  Terehratalia^  and  Dallina,  The  first  two  stages  in 
both  subfamilies  are  related  in  the  same  manner  to  Gwynia  and 
Cistella,  The  subsequent  stages  are  different  except  the  last 
two,  so  that  the  MageUaiiia  structure  is  similar  in  all  respects 
to  the  Dallina  structure,  and  Terebratella  is  like  Terehratalia, 
Therefore  MageUania  and  Terehraiella  are  respectively  the 
exact  morphological  equivalents  to,  or  are  in  exact  parallelism 
with  Dallina  and  Terehratalia, 

"In  each  line  of  progression  in  the  Terebratellidas,  the 
acceleration  of  the  period  of  reproduction,  by  the  infiuence  of 
environment,  threw  off  genera  which  did  not  go  through  the 
complete  series  of  metamorphoses,  l)ut  are  otherwise  fully 
adult,  and  even  may  show  reversional  tendencies  due  to  old 
age;  so  that  nearly  every  stage  pa,ssed  thn»ugh  by  the  higher 
genera  has  a  fixed  representative  in  a  lower  genus.  Moreover, 
the  lower  genera  are  not  merely  e([uivalent  to,  or  in  exact  par- 
allelism with,  the  early  stage.^  of  the  higher,  but  they  express 
a  permanent  type  of  structure,  as  far  as  tliese  genera  are  con- 
cerned, and  after  reaching  maturity  do  not  show  a  tendency  to 
attain  higher  ])hases  of  (levelo])nient,  but  thicken  the  shell  and 
cardinal  process,  absorb  the  deltidial  plates,  and  exhibit  all  the 
evidences  of  senilitv." 

■ 

In  1893  there  was  discovered  in  the  ITtica  formation  near 
Rome,  New  York,  a  thin  band  not  more  than  one  fourth  of  an 
inch  thick,  in  which  nearly  all  the  fossils  preserved  {Triarthrua 
and  TrinVfCleus)  occur  as  pseudomorphs  in  iron  pyrite,  and 
retain  antennse  and  legs.  Specimens  of  trilobites  with  legs 
had  been  known  before  in  two  specimens,  and  in  four  genera 
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tlio  legs  bad  1>e(tii  deturuinEMl  by  slicing  enrulltHl  intliriduills. 
Antennte,  however,  hiid  nut  been  clearly  made  out  until  1893, 
wbeii  their  presence  wm  atiiionricod  in  the  August  number  of 
tbia  JonrD&l.  This  discovery  wa£  nf  great  value  and  pramit«d 
mud)  toward  a  better  underetanding  of  tbe  ventral  anatomy  of 
trilobites  and  their  syntematio  position  among  the  Crustacea. 
Tills  led  to  Beecher's  visiting  the  locality  in  1893  to  take  out 
several  tons  of  the  8hale.  Even  t»  late  tt»  last  fall  he  developed 
from  this  material  specimung  of  Trinudeita  eliowing  the  ven- 
tral ap]>eudagefi  in  the  greatest  detail.  Since  1893  Beecher 
has  pnlilisbed  tifteen  papers  on  the  trilobitee.  Of  these  three  are 
devoted  to  tho  larval  stapes,  seven  to  the  ventral  anatomy,  and 
fivG  to  classification  and  the  syeteriiBtic  position  of  these  forms, 

Tlie  ventral  anatomy  is  mfist  compiotely  known  iu  TriartArus, 
"an  active  creature"  belonging  to  an  ancient  Cambrian  family. 
Beechcr  showed  that  in  this  genus  the  entire  series  of  thoracic 
i  are  biramous,  one  of  them  sotfe^bearing  and  n&ed  for 
swimming  (expoditc),  and  tbe  other  without  seKe  and  used  for 
crawling  (endopodite).  The  limbs  of  the  pygidium  overlap 
each  othar,  are  much  crowded,  and  are  adapted  for  swimming 
or  guiding  the  animal,  althongh  they  may  also  have  served  as 
egg  carriers.  The  individual  segments  '•are  considerahly 
expaiide<l  transversely,  thus  making  a  paddle-like  organ."  The 
head  has  live  paire  of  appendages  as  follows:  Anterior  anten- 
na or  uiiiramous  antennules  attached  at  the  side  of  the  hypo:-- 
toina,  followed  by  fimr  pairs  of  biramous  appendages  closely 
resembling  tlio  thoracic  legs.  Tliese  are  (1)  posterior  antennie, 
(2)  mandil)les,  (3  and  4)  maxilliB.  The  ventral  membrane  of 
Triarthrux  "  is  of  extreme  tenuity  "  and  is  an  "  uncftlcified,  chi- 
tinous,  flexible  pellicle,  and  thus  was  in  strong  contract  with 
the  much  thicker  and  calcified  dorsal  test." 

The  lurval  stiigen  lie  studioil  in  nine  genera  ranging  from 
the  CiiiiiliriiiJi  to  the  Lower  Devunian.  He  concluded  tliat 
•'all  \\m  fin-ts  in  the  ontogt-ny  of  flic  trilohite.s  point  to  one 
type  "f  larval  Ktrncturi-.''  Thi^;  inrvii,  not  more  than  one  miili- 
nict.-r  in  length.  U  "chariurtcristic  i.f  all  trilobites,  and  amoiijr 
dilTcrcnt  gciit'i'it,  varying  only  iu  features  of  secondary  impor- 
tan.-o.  '!'hi<  sla-.-  iiiav  tlir'r,-fnrr  W  <-all,',l  the  prut'i-'^jusr 
II. ■  found  thai  Danandr's  Inm-  i.nitT-  uf  liil.il.ite  development 
an?  hut  hlagc.-,  of  lii^  liivt  oi-.ii-i-.  ami   tiiiit   AijnoHtux  is  ■'  neither 
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the  pliylo-typembryo  nor  the  phylo-phylembryo,  but  is  really 
the  adnlt  equivalent  to  an  early  segmented  stage  of  the  higher 
genera."  Beecher  divided  the  early  stages  of  development  in 
trilobites  as  follows:  ''Nauplius  (Cephalon  predominating, 
other  parts  not  separated  from  it),  Phylembryonic  (Cephalon 
distinct,  thorax  nothing,  pygidium  distinct),  Nepionic  with  as 
many  stages  as  there  are  normal  thoracic  segments  (Cephalon 
distinct,  thorax  incomplete,  pygidium  distinct),  Xeanic  (Cepha- 
lon, thorax  and  pygidium  all  distinct  and  complete;  growth 
incomplete),  Ephebic  (all  parts  complete  and  full  size  attained)." 

The  protaspis  is  homologous  to  the  crustacean  nauplius, 
which  had  "potentially  five  cephalic  segments  bearing  append- 
ages, which  should  therefore  be  taken  as  characteristic  of  a 
protonauplius.  The  nauplius  is  a  modified  crustacean  larva. 
The  protaspis  more  nearly  represents  the  primitive  ancestral 
larval  form  for  the  class,  and  approximates  the  protonauplius." 

The  basis  for  Beech er's  classification  of  the  trilobites  is  the 
application,  for  the  first  time,  of  the  law  of  morphogenesis,  or 
the  recapitulation  theory.  lie  observed  that  in  the  first  or 
unsegmented  stage  of  the  most  primitive  trilol)ites  there  are 
neither  dorsal  free  cheeks  nor  ^"^'^^^  but  that  in  some  of  the 
later  forms  both  the  eyes  and  free  cheeks  have  migrated  to  the 
anterior  margin  or  may  even  have  progressed  a  little  posteriorly 
down  the  dorsal  side  of  the  protaspis.  This  led  him  to  under- 
take a  study  of  all  trilobite  genera,  more  than  two  hundred  in 
number,  and  it  was  seen  that  these  could  be  arranged  in  three 
groups  on  the  basis  of  the  nature  and  position  of  the  free 
cheeks.  In  the  most  primitive  order,  or  the  Hypoparia,  there 
are  "  free  cheeks  forming  a  continuous  marginal  ventral  plate 
of  the  cephalon,  and  in  some  forms  also  extending  over  the 
dorsal  side  at  the  genal  angles."  In  the  Opisthoparia  the 
dorsal  "free  cheeks  include  the  genal  angles,  thus  cutting  off 
more  or  less  of  the  ])leuni  of  the  occipital  segment;"  while  in 
the  Froparia,  or  the  last  order  to  arise,  "the  pleura  of  the 
occipital  segment  extend  the  full  width  of  the  base  of  the 
cephalon,  embracing  the  genal  angles." 

There  is  much  diversity  of  opinion  regarding  the  rank  of 
trilobites  in  a  classification  of  the  Crustacea.  Beecher  regarded 
them  as  a  sub-class  and  as  equal  in  rank  to  the  Entomostraca 
and  Malacostraca.  "  In  nearly  every  particular  the  trilobite  is 
very  primitive,  and  closely  agrees  with  the  theoretical  crusta- 
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ceaQ  ancestor.  Ita  affinities  are  with  Ixith  tlie  other  snl>-clas»es, 
e8[)eciall^  their  lower  orders,  hut  ita  position  is  not  interme- 
diate," 

In  1 882  Beocher  became  greatlj  interested  in  the  liignittcmiee 
of  BpineB,  accuuiulating  data  antil  IS98,  when  lie  presented  hi* 
etudiee  in  B  pa|x!]'  entitled  '*The  urigtn  and  signiliCAiicti  of 
flpines."  This  paper  Beecher  regnrded  as  liis  l>e8t  and  most 
philosophic  work.  In  the  opening  paragraph  he  states  "the 
preBcnce  of  spines  in  various  plants  and  animals  is,  at  times, 
moat  obvious  to  all  mankind,  and  not  unnaturally  they  have 
come  to  be  regarded  almost  wholly  in  the  light  of  defensive 
weapons,"  "Their  importance  lies  not  in  what  they  are,  but 
in  wliat  they  reprenent.  They  are  simply  prickles,  thcuiis, 
spines,  or  horn*;  they  represent,  as  will  be  shown,  a  stage  of 
evolution,  a  degree  of  differentiation  in  the  organism,  a  ratio 
of  it«  adaptability  to  the  envirfinment,  a  result  of  selective 
forces,  and  a  meaanre  of  vital  power." 

"In  tracing  the  ontogeny  of  a  spinose  form,  it  hae  been 
imd  that  each  species  at  the  beginning  was  plain  and  simple, 
and  at  some  later  period,  spines  were  gradnally  developed 
according  tn  a  definite  sequence  of  stages.  TTsiially  after  the 
maturity  of  the  organism,  the  spines  reach  their  greatest  per- 
fection, and   in  old   age,  there   is  tii-st  aii  over-]>roductioii  or 
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iras  a  slow  and  very  careful  worker.  Those  wlio  knew  him 
?irell  saw  in  him  an  enthusiast,  but  his  exuberance  was  always 
leld  in  check  by  his  judicial  qualities,  which  also  made  him  an 
excellent  counselor.  He  was  orderly  in  his  work,  and,  as  he 
lad  the  "museum  instinct"  well  developed,  he  made  one  of 
;he  best  of  museum  curators. 

In  1894,  Beecher  married  Mary  Salome  Galligan  of  Warren, 
Pennsylvania,  who,  with  two  daughters,  survives  him.  He 
lied  very  suddenly  of  heart  disease  at  his  home,  shortly  after 
)ne  o'clock  on  Sunday  afternoon,  February  14.  Up  to  about 
eleven  o'clock  of  the  same  day,  he  was  in  his  usual  health. 
Se  lies  in  Grove  Street  Cemetery,  in  the  shadow  of  the 
Sheffield  Scientific  School. 
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Vbt,  XXXIX. — Dinonaitr  Footprints frmn  Arizona i  byE,  S, 
itioos. 

A  BLAB  of  sandstone  bearing  dinosaur  footprints,  recently 
eceived  Rt  the  Field  Columbian  Museum,  is  of  interest  in 
aarkinj;  a  new  locality  for  tliese  well-known  fossils.  The 
racks  were  found  in  the  bluffs  overlooking  the  Colorado  River, 


lear  Lees'  Ferry  in  Js'ortlieru  Arizona.  Mr,  F,  Y.  Keiini,  tlie 
ollector,  reports  that  tliero  were  six  inipi-essions  in  all,  but  lie 
ucceeded  in  preserving  only  two.  The  matrix  is  a  slmrp,  fine- 
gained  sandstone  iif  a  bluff  color  when  freslily  l»roke»,  but 
weathering  to  a  dark  reddisli  brown.  Data  as  to  tlie  geo- 
agical  horizon  are  wanting,  but  it  may  be  nsi^umcd  that  the 
pecimen  is  of  Triiissie  age. 

The  impressions  are  evidently  made  by  tlie  hind  feet  nf  a 
ridactjl  animal  similar  in  structure  to  those  of  Allonaurun 
darsh,  but  considerably  srnallei-.     The  traeks  preserved  are  but 

few  inches  apart  and  were  apparently  made  in  wet  sand. 
?Ijat  of  the  right  foot  is  barely  its  own  length  in  advance  of 
he  left  and  is  separated  by  a  similar  distance  laterally.     It  may 
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therefore  lie  inferred  tliat  the  tracks  were  made  by  h  bipedal 
Euiiuiftl  walking  leietircJy  alcing  a  eantly  beach. 

In  oDtliue  the  tracks  are  ahiiost  symmetrical  to  a  line  paeeed 
thrtmeh  the  imprint  of  the  middle  digit.  The  axis  of  the  fool 
ie  denected  but  littlu  from  tiie  liae  of  stride.  The  middlt)  di^ii 
wae  evidently  strongwt  «nd  bore  more  than  an  equal  nhare  of 
the  animal'i)  weight.  The  two  lateral  digits  appear  to  have 
been  eijnally  funttional  and,  like  the  middle  one.  were  armed 
with  clawi?.  Tho  inferior  surface  of  the  foot  was  provided  with 
pade  similar  to  tlione  of  Btrntbions  birds.  In  digit  11  the  weight 
was  borne  upon  the  liret  and  second  phalanges,  in  digit  ITI 
npou  the  sei-ond  and  third,  while  in  digit  IV  the  secona,  thini 
and  fourth  wjerc  evidently  brought  to  the  ground.  In  addi- 
tion to  thi»  there  is  an  imprint  of  a  heel-like  pad  which  wai^ 
liorne  by  the  distal  ends  of  the  metatai-sals. 
Measurementti  are  as  fullows : 

H 

Length  over  all -1 28 

Brcfiilth -lOS 

Length  of  lateral  digits  from  heel _,.   -079 

Angle  between  digits  II  and  III 35° 

"    III     "    IV  30" 
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Art.    XL.  —  A    New   llahit  for  Chulcojyyrite^    by  K.  W. 

Richards. 


A  SPECIMEN  of  cbalcopvrite  collected  in  Somerville,  Massa- 
clmsetts,  by  Prof.  A.  E.  l)olbear,  of  Tufts  College,  some  years 
ago,  sbows  apparently  a  new  and  simple  babit  for  tbe  species. 
The  specimen  was  found  in  a  vein  of  rusty  quartz  in  tbe  quarry 
between  Broadwav  and  Holland  Streets,  near  Clarendon  Hill. 
The  rock  of  tbe  (juarry  is  tbe  so-called  Cambridi^e  or  Somer- 
ville  Slate,  referred  by  some  geologists  to  tbe  Carboniferous,  by 
others  to  tbe  Lower  Cambrian.  Tins  rock  is  a  clay-slate  cut  by 
many  diabase  dikes,  wbicb  in  tnrn  are  cut  by  numerous  veins 
carrying  a  great  variety  of  minerals,  among  wbicb  quartz, 
calcite,  albite,  prebnite,  babingtonite,  erytbrite,  chlorite  and 
oxides  of  titanium,  recently  discovered  by  Prof.  Charles  Palacbe, 
of  Harvard  University,  mav  be  mentioned. 

The  crystallization  of  cbalcopyrite  is  tetragonal,  and  a  sphenoi- 
dal habit  usually  predominates.  Prof.  S.  L.  Penfield,  in  bis 
paper  in  this  Journal  on  crystals  from  Chester  Co.,  Pa. 
(vol.  xl,  207,  1890),  ligured  specimens 
showing  prismatic  and  pyramidal 
planes,  and  others  showing  sphenoid 
and  scalenohedral  faces,  which  be  sug- 
gests may  represent  a  prism  and  a 
second  order  pyramid  distorted  by 
oscillatory  combination  with  the  ])osi- 
tive  sphenoid.  The  indices  he  assnmcs 
for  the  distorted  forms  agree  with  the  m 

forms  found  on  the  crystal  described 
in  this  note. 

The  Somerville  specimen  ivS  sh(»wn 
in  the  cut  and  possesses  only  two  forms, 
a  prism  ;//  and  a  second-oi-der  jnramid 
e.  These  have  tbe  indices  1 10  and  101,  respectively,  and  present 
the  identical  faces  ti<xurcd  bv  Prof.  Penfield,  in  a  twin  crvs- 
tal  (1.  c.  fig.  8,  p.  210).  The  rough  character  of  the  Somerville 
crystal  permitted  only  contact  measurements  and  the  best 
readings  were  selected  by  choice.  The  angles  giving  tbe  most 
satisfactory  set  of  readings  are  those  around  tbe  coign  7)i  to  e^ 
e  to  e^  and  e  to  7it.  These  angles  are  nearly  ecjual  and  were 
found  by  measurement  to  be  about  60°.  This  satisfies  the  rela- 
tion that  should  obtain  between  the  planes  of  the  prism  and 
those  of  the  second-order  pyramid, 

e  to  e,         59°  30-5' 
e  to  m,       63°  46-1'. 


m 
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In  Hiotze'e  Hanfjbiich  der  Mineralogie,  sixteen  caeee  are 
rioted  of  the  occnn-ence  of  the  form  e,  and  onJy  seven  of  m. 
With  the  exception  of  one  or  two  cases,  either  one  or  the  other 
or  both  forms  are  snbordiiiate.  The  Soinervilie  tryetal  seeniB 
novel  in  showing  these  fortns  predominant  and,  perhaps,  except- 
ing tlie  sphenoid,  representa  the  simplest  form  of  the  crys^- 
]ized  mineral. 

It  ifi  interesting;  to  note  that  this  form  difierH  very  slightlj 
from  the  isometnc  dodecahedron.  This  similarity  is  accoitntfd 
for  by  the  axial  ratio  of  the  mineral,  1 :  0'98525.  The  resem- 
blancfl  of  tlie  crystal  to  the  dodecahedron  is  well  brought  out  t)y 
comparing  it  with  a  model  of  the  same.  In  the  drawing  and 
in  the  crystal  itself,  the  illusion  is  destroyed  by  the  downward 
extensiou  of  the  prism  plane. 

The  crystal  is  unusually  large  for  the  species,  having  an  aver- 
age diameter  of  four  centimeters.  The  largest  of  the  Chester 
County  crystals  had  diameters  of  a  centimeter,  Lacroix  men- 
tions large  crystals  from  Oiied  AUelah  of  Algeria,  Africa,  hav- 
ing diameters  of  eight  milHmeters,  The  rather  indistinct 
sphenoids  from  Ellenville,  N.  Y.,  have  about  the  same  dimen- 
sions an  the  Soinervilie  crystal. 

Credit  is  due  to  Prof.  Palache  for  assistance  in  the  examina- 
tion of  the  specimen  and  suggestions  in  regard  to  its  importance. 
TuftB  College,  UttsMcliusettB,  1904. 
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Abt.   XLI.  —  Molecular    Weights  of  Liqjtcids^  with  a  few 
Words  about  Associatimi ;  by  0.  L.  Speyers. 

Fob  some  years  past,  evidence  has  been  advanced*  to  sliow 
that 

^  =  ^^-^'  (1) 

agrees  with  experiment  far  better  than 

does.  While  (1)  is  as  true  for  concentrated  sohitions  as  for 
dilute  ones,  (2)  fails  both  in  theory  and  in  fact  for  concen- 
trated solutions,  though  of  course  good  for  dilute  ones. 

A  theoretical  foundation  was  sought  for  (1)  in  the  notion 
that  a  volatile  liquid  produces  those  molecules  which  pass  off 
as  vapor  in  the  body  of  the  liquid  instead  of  merely  on  the 
surface,  a  notion  which  J.  Traubef  is  advancinff  as  one  of  the 
results  of  his  study  of  critical  phenomena,  and  that  the  vapor 
tension  of  a  liquid  is  the  result  of  such  differentiation  in  the 
liquid. 

moreover,  on  combining  (1)  with  the  second  law  of  thermo- 
dynamics we  get  equations  for  the  molecular  rise  in  boiling 
point  and  depression  in  freezing  point,  for  the  molecular  heat 
of  vaporization  and  of  freezing,  and  all  these  independently  of 
the  osmotic  theory. 

Equation  (1)  has  also  betn  advanced  tentatively  by  S.  Young 
and  E.  C.  ForteyJ  but  with  some  reservations  in  regard  to 
changes  in  density.  The  new  mixtures  that  they  used  were  ethyl 
propionate  with  ethyl  acetate,  toluene  with  ethyl  benzene,  n 
nexane  with  n  octane  and  toluene  with  benzene.  Slight  dif- 
ferences were  found  between  observed  pressures  and  those  cal- 
culated by  (1),  but  no  account  was  taken  of  a  possible  association 
of  the  vapor  of  the  solvent  and  so  these  differences  lose  some- 
thing of  their  significance.  In  their  paper,  the  writers  correct 
a  mistake  made  by  me.  They  point  out  that  mixtures  of  non- 
associated  liquids  may  have  minimum  boiling  points.  I  stated 
they  could  not,  and  in  this  respect  was  wrong,  having  over- 
looKed  the  fact  that  Ap^At  could  be  smaller  than  AjpJAt  at 
one  temperature  while  greater  at  another,  both  temperatures 
lying  within  the  range  of  boiling  points  of  the  mixtures. 

*Jonm.  Fhys.  Chem.,  ii,  847,  362(1898);  Jonm.  Am.  Ohem.  Soc.,  xxi, 
282  (1899) ;  this  Journal,  ix,  341  (1900) ;  xiu,  213  (1902). 
t  Drade'8  Aim.,  yiii,  267  (1902). 
%  Jonzn.  Lond.  Chem.  Soo.,  Ixxziil,  45,  68  (1903). 

Am.  Joub.  Sol— Fourth  Sbbies,  Yol.  XYII,  No.  102.— Juke,  1904« 
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A  word  now  in  regard  to  association. 

Let  us  consider  water.  Its  density  in  the  gaseous  state  leads 
to  a  formula  for  its  molecule  of  H,0.  When  metals  react 
with  it,  we  get  hydroxides  and  oxides  of  the  general  formula 
M(OH)x  and  M^Oy.  In  all  chemical  respects  water  behaves 
as  if  it  had  the  formula  H,0,  two  replaceable  hydrogen  atoms 
and  one  replaceable  oxygen  atom,  no  more,  no  less.  This 
formula,  therefore,  has  a  chemical,  a  scientific,  significance.  It 
states  that  in  chemical  reactions  two  atoms  of  hydrogen  and 
one  of  oxygen  go  together.  But  in  some  physical  relations,  in 
those  relations  which  involve  water  as  a  liquid  and  in  which  it 
stays  a  liquid,  that  formula  does  not  account  for  things.  Water 
is  now  not  so  active  as  corresponds  to  H,0.  To  bring  its 
activity  up  to  what  experience  has  determined  to  be  the 
normal,  the  standard,  activity,  we  must  take  two,  three,  or 
more  times  the  mass  corresponding  to  H,0.  We  are,  there- 
fore, tempted  to  say  water  is  associated,  and  to  write  (H,0)a 
where  a  runs  up  to  three  or  four  for  water  and  reaches  much 
higher  figures  with  some  other  liquids.  But  in  so  doing  we  use 
an  unsuitable  formula,  because  the  liquid  does  not  behave  chem- 
ically as  this  expression  suggests.  So  it  is  very  undesirable  to 
speak  of  associated  molecules.  More  definite,  and  far  more 
in  accord  with  what  we  know,  to  say  that  the  activity  of  the 
water  is  depressed  below  the  normal  than  to  say  its  molecule 
has  been  associated.  The  weak  notion  of  associated  molecule 
is  replaced  by  the  virile  notion  of  activity.  We  shall  call  the 
above  quantity  denoted  by  a,  the  activity  factor.  The  a<?tivitj/ 
factor  a  denotes  the  number  of  iiorrnal  grammolecules  whuh 
must  he  taken  to  give  an  activity  eqxial  to  the  normal^  or  stand- 
ardj  activity^  the  standard  activity  being  determined  by 
experience.  We  are  not  to  consider  a  as  constant  for  any 
liquid  but  to  vary  with  the  conditions  as  well  as  with  the 
liquid,  and  so  the  objection  made  by  Young  and  Fortey*  that 
(1)  gave  values  for  71  which  meant  a>l  in  certain  mixtures  of 
liquids  for  which  in  the  pure  state  «  =  1  is  not  valid. 

The  increased  activity  beyond  the  normal,  which  means  a<l, 
called  electrolytic  dissociation  or  ionization,  is  another  matter. 
There  arc  regularities  here  which  enable  us  to  cast  the  processes 
into  chemical  equations.  This  we  cannot  do  when  a'^l.  When 
a<CX  we  find  a  chemical  activity  beyond  the  normal,  so  when 
a>l  we  may  by  analogy  look  for  a  depressed  chemical  activity. 
This  idea  has  not  yet  been  put  to  the  test. 

Consider  two  volatile  liquids,  1  and  2,  not  miscible  in  all  pro- 
portions within  certain  limits  of  temperature  and  without 
chemical  action  the  one  upon  the  other.     Let  n^,  7i„  denote  the 

*1.  c,  46. 
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number  of  ^itiminolecules  of  each  liquid  when  considered  as 
solute;  N,,  I^",,  the  number  of  grammolecules  of  tlie  same 
liquids  when  considered  as  solvent,  in  computing  which  the 
ordinary  molecular  weight  in  the  vapor  state  is  to  oe  used;  »„ 
jp„  the  vapor  tensions  of  the  pure  liquids;  i?/? i>,', i>/i i>/,  nie 
vapor  tensions  of  the  same  liquids  in  the  solutions.  Here  and 
elsewhere  the  two  coexisting  solutions  or  phases  are  distin- 
guished by  '  and  ''. 

At  some  fixed  temperature  let  us  add  liquid  1  to  a  fixed 
quantity  of  2.     We  have  for  the  two  components 

<  ^P-P^.  <   _P.'-Px 

which  hold  until  the  phase  disappears  entirely.  When,  on 
continued  addition  of  1,  a  second  phase  appears,  we  have  the 
additional  two  equations 


> 


N/-  p:  'n.'-  p: 

Since  the  phases  are  in  equilibrium,  ^/=^/,^,'=^j'',  and  so 


The  proportion  of  1  to  2  is  different  in  each  phase,  wherefore 
the  activity  factor,  a^  for  each  liquid  must  be  different  in  eacli 
phase.  Moreover,  the  quantity  of  1  in  2  being  greater  in  the 
second  phase  than  in  the  first,  the  activity  factor,  a,  is  greater  in 
the  second  phase  than  in  the  first,  while  a^^a^ .  A  jumj> 
then  in  the  mutual  effects  of  two  liquids,  the  one  upon  the  other, 
accompanies  the  formation  of  two  liquid  phases,  a  jump  in  tlie 
effect  of  1  upon  2  being  balanced  by  the  jump  in  the  effect  of  2 
uponl. 

Following  custom,  we  call  that  temperature  above  whicli 
two  liquids  dissolve  in  each  otlier  in  all  proportions,  the  criti- 
cal temperature  of  solution,  or  for  shortness  just  critical  tem- 
perature. The  composition  belonging  to  tne  critical  tem- 
perature we  call  critical  composition  and  a  solution  of  such 
composition  a  critical  solution. 

Let  us  start  above  the  critical  temperature  with  a  solution  of 
critical  comjx)sition  and  with  liquid  1  as  solute,  2  as  solvent, 
and  cool  the  solution.  As  we  pass  down  through  the  critical 
temperature,  the  homogeneous  liquid  separates  into  two  phases, 
and  as  the  change  due  to  lowering  the  temperature  is  continu- 
ous, at  a  temperature  infinitesimally  below  the  critical  tempera- 
ture, the  compositions  of  tlie  two  phases  are  only  infinitesimally 
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diSereut,  and  bo  their  volumes,  wittiiti  an  iDfiniteBinial  differ- 
ence, are  earh  one  half  the  oritfiiial  volume,  as  has  been  shown 
by  Konowalow*  Ab  wc  puss  on  downwards  below  the  criti- 
cal teni[)erittiire,  the  compoBitions  of  the  two  phases  diverge, 
the  divergence  sometimes  increasing  indeMuitcly,  BoinetiuieE 
diminishing  at  lower  temperatures  with  promise  of  forming 
later  on  k  honiogoiiDOus  fiqnid  with  a  second  lict  of  critical 
qnantities-t 

Let  a,  he  the  activity  factor  of  liquid  1,  m,  ite  noniiol  inolec* 
ular  weight,  ja,  itw  ina^  in  the  phase  under  consideration. 
Let  t"  be  below  the  critical  value.     From  1  we  get 


\ 


',N.'>  ~7»  "**"*  "'    ~mV'    ■«"_»•■        '^* 


p. 

'p,-p' 


Since  two  phases  are  present,  w,'  and  N,'  us  well  st^p  are  vari- 
able with  t  and  so 

_    __'_       _'_r     "*/    PJ^P<: -P^'iPy  ,   P.'  S.'rfta,'-w,'rfN;-|  „ 
~P-P»   ■  '«,N.'L/>,-iJ.'  dt  ^  N,'  di  J'  ^ 

where  dpj/dt  is  the  differential  coefficient  of  the  vapor  tension 
of  the  solntion  in  the  immediate  neighborhood  of  the  value 
_«,';  ilpjdty  that  of  the  pnrc  solvent  in  the  immediate  neigh- 
horhooa  of  the  value  ^J,.     With  the  exception  of 

P,^^J't'~P-i''^Pi       3  Nj'rfw,'— w/(iN,' 
dT  *"  (It    ~     ~ 

the  signs  of  all  the  nnantities  are  positive.  For  dilute  solu- 
tions we  shall  put  dp^'/dt  from  the  solution,  appro.ximately 
equal  to  ilp^fdi  from  the  pure  solvent.  That  is,  we  shall  assume 
that  (hi^/dt  from  the  dilute  Bi>lutton  is  quite  close  to  what  wt 
shoultlget  were  we  to  differentiate  the  va[>or  tension  from  the 
pure  solvent  iu  the  immediate  neighborhood  of  the  numerical 
value  ^'/.  We  do  this  l>ecause  we  find  that  in  dilute  solutions, 
while  the  vapor  tension  curve  of  the  solvent  is  depressed 
nuuK'Hcully  it  is  nut  altered  in  <'harai'ter,  and  lieeansc  wo  seek 
the  sign  of  the  lirst  (luantitv  rather  than  its  numerical  value. 
With'this  uTidi-rstiUidiug  we  find 

'It  -^ 

for  water,  inetlivl  al.-i.hol,  i  Imtvl  al.'ohnl,  ainvl  aleoJiu!.  i  amvl 
ain.li.il,  i  biilvrii-  iK-id.  v;irb..u  .li-Til|ihi.ie.  bi'UKene,  and  clilor- 
buuiifue.  in.d'|.n.b;il.lvforiill  dilute  xilutiims.      Its  numerical 
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value  is  not  large  and  does  not  seem  to  change  rapidly.  The 
other  quantity  we  find  is  positive  when  dw//at>0^  for  tlien  by 
the  nature  of  the  ease  rfN,yrf<<0,  and  negative  when  dw/dt<^0 
for  then  rfN//rf^>0.  Since  w^'-\-w^''^w^  a  constant,  we  have 
both  cases  so  long  as  the  two  coexistant  phases  are  present.  For 
the  more  dilute  phase  with  respect  to  1  aw^dV>  0,  for  the  more 
concentrated  phase  dio"/dt<i6.  For  this  one  we  write  similarly 
to(4) 

^    "  P-P:  '  ^^hK  Ip-P:  dt     ~      ^  N/ 


N%^i(j/-w/<^N 


From  1, 


dt 


'-].    (5) 


/r  =  'W,  A- 


P-P.  P^ 

which  substituted  in  (5)  gives  for  the  bracketed  part 

N/  rp,dp:^p:dp,  ip:  y  i  ^^d^^w^mr^ 

The  solution  now  being  concentrated,  we  cannot  predict  much 
about  the  first  term  from  a  study  of  tlie  vapor  tension  of  the 
pure  solvent.  I  think,  however,  we  may  assume  that  the 
numerical  value  of  this  term  will  not  change  rapidly  compared 
with  the  other  term.  Tlie  second  term  changes  rapidly  because 
it  is  the  arithmetic  sum  of  two  quantities,  not  the  difference,  and 
because  it  has  in  addition  a  factor  which  is  the  square  of  a 
fraction  whose  numerator  and  denominator  botli  increase  as  i 
increases.  Consequently,  for  quite  a  wide  range  in  concentra- 
tion we  maj^  look  for  a  negative  value  for  the  (quantity  in 
brackets  and  therefore  expect 

da''   ^  ,  , 

dt  <'  w 

while  for  the  less  concentrated  solution 

At  the  critical   temperature,   dw//dt,   dtr^''/dt,   d^^'/dt, 
dif//dt  all  reduce  to  zero,  and  so  from  (4)  and  (5), 

dal_da^__da_     w^_  \  P,dp^-p^dp^        .^. 

dt   "^   dt    "  dt^  m^S,'  {p^-p\y'  dt  '     ^^^ 

The  solutions  being  concentrated  we  cannot  predict  at  all  con- 
cerning the  sign  of  da/dt  from  tlie  vapor  tension  curve  accord- 
ing to  temperature  of  the  pure  solvent,  and  the  data  at  hand 
for  the  vapor  tensions  of  tne  solutions  are  limited  to  a  few 
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cases  to  he  ouneidiirud  after  wo  remark  tltat  a  ect  of  eqnatione 
C'Xfictly  eimilar  to  (3),  (+),  (5).  (B),  (7)  and  ift),  liuld  for  liquid  % 
the  two  sets  of  eqnationB  bomg  coiiiiectod  \}y  tlie  relntioiis 

w,'  +  w*,N,'  =  w^ 

Tho  cftsea  in  qiietition  are  mixtures  nf  anilin  witb  arayj^ 
(trimutliyl  ethylene),  and  nitrobenzene  with  inclhyl  imiid,  with 
amylene,  with  ether,  and  with  ptnitaiie,  hII  in vtwtigatvd  liy 
Konowalow.*  Only  th«  first  and  last  however  gave  coexiatent 
phases.  The  others  were  ahove  their  critical  tein]K3ratarc8, 
The  highest  temperature  of  the  anilin  mixture  being  aa'l"  only 
the  amylene  was  yupposed  to  have  an  ajiiirooiable  vapor  tension 
and  WB  aro  liinttou  to  tho  aotivity  faetor  of  the  anilin  only. 
For  a  mRiilar  reason  we  can  find  the  activity  factor  of  the  nitro- 
benzene only,  the  tempemtnro  of  the  mixturvK  cotituiniiig  it 
being  1*^1". 
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the  vapor  tension  of  the  pnre  am^lene  at  <®,  p  the  vapor  ten- 
sion oi  the  amylene  from  the  sohition,  n  the  per  cent  gramrno- 
lecnles  of  anilin  in  calculating  wliich  the  normal  molecular 
weight  of  93  is  used,  and  a  the  activity  factor  computed  accord- 
ing to  (3)  using  70  as  the  molecular  weight  of  amylene.  Should 
the  vapor  density  of  amylene  be  other  than  what  corresponds 
to  70,  the  value  for  a  would  have  to  be  correspondingly  changed. 


e=0**p  =  180-6mmHg 


«  =  8ri)  =  257-8mmHg 


n 

P 

a 

n 

P 

a 

10-9 

168-9 

1-8 

10.9 

241-5 

1.8 

150 

104-8 

1-8 

[19-0 

238-1 

2-8 

'77-5 

fc( 

36 

[69-0 

(( 

27 

81-5 

162 

38 

75 

234 

29 

t  =  14r 

i)  =  3310nimHg 

i-  181 

'^pizrSgimmHg 

H 

1? 

(t 

H 

i>' 

a 

7-5 

315-0 

1-6 

24-2 

354-9 

3-1 

20 

308-3 

3-1 

35-1 

352-2 

4-9 

25-3 

3030 

3-7 

49 

351 

8-4 

311 

303-2 

4-9 

69-9 

342-7 

16 

[37-0] 

73-1 

336-5 

17 

42-2 

301-8 

7-5 

82 

303-1 

16 

45-5 

302-0 

8-7 

60-7 

302-6 

11 

t  =  25-r 

p  =  498-9mmHg 

[61-0] 

n 

P 

a 

598 

303-1 

16 

9.2 

476-6 

2-2 

66-3 

301-0 

19 

28-2 

458-9 

4-5 

75 

291-6 

22 

49-2 

453-8 

97 

80 

273-0 

19 

50-1 

453-1 

9-9 

59-8 

447-9 

13 

66-7 

444-2 

16 

77-7 

411-8 

16 

89-7 

295-4 

13 

From  figure  1  we  see  that  at  0°  the  two  layers  have  the  com- 
position of  15*0  and  77*5  per  cent  gram  molecules.  These  values 
nave  been  enclosed  in  [  ],  Konowalow  giving  the  vapor  ten- 
sion but  not  the  corresponding  compositions.  Similarly  for 
the  phases  at  S*!*'.  Two  phases  should  have  formed  at  14-1° 
but  they  do  not  seem  to  have  become  visible. 

The  values  for  a  have  been  plotted  in  figure  2.  The  crosses 
X  mark  the  compositions  of  the  coexistent  phases.  Plot  1 
corresponds  to  0°.  We  observe  that  in  the  phase  dilute  with 
respect  to  anilin,  the  activity  factor  is  small,  only  about  2,  that 
is,  the  anilin  is  comparatively  active,  but  when  the  per  cent  of 
anilin  is  large,  the  activity  factor  is  very  large  up  to  about  36 
so  that  now  the  anilin  is  very  inert.  At  0^  then  we  may 
expect  to  find  dilute  solutions  of  anilin  in  amylene  more  active 
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ohemicallj'  with  respect  to  the  anilin  than  couceutrated  ones 
in  am^-Iene,  Similarly  for  plot  II  at  S-l"  and  for  plot  ill  at 
li-l"  ap  to  about  73  per  cent  f^ramuiolecules  of  anilin.  Prom 
that  CO  u  cent  rat  ion  on  and  at  a  temperatnre  aivDnnd  and  beyond 
the  critical  temperature,  the  activity  factor  begins  to  diminisli 
again,  indicating  that  pare  anilin  hae  a  greater  activity  tlian 
when  in  concentrated  Bolutions  in  amyleiie. 
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The  parabola-like  carve  shows  how  a  changes  with  the  tem- 
peratnre  for  pairs  of  coexistent  pliases.  The  dotted  lines  of  I 
and  II  connect  the  coexistent  phases.  The  two  X's  of  III  are 
not  connected  by  a  dotted  line,  because  the  vahies  of  the  interme- 
diate compositions  and  pressures  are  given  by  Konowalow.  He 
points  out  that  at  the  temperature  to  which  this  curve  belongs, 
which  temperature  is  very  close  to  the  critical  one,  p'  vanes 
very  slightly  with  tlie  composition  for  a  range  between  25  and 
60  per  cent  grammolecules  of  anilin,  whereas,  according  to 
ligare  1,  this  should  only  be  so  between  the  limits  of  37  and  51 
per  cent.  We  account  ior  this  quite  readily,  by  the  increasing 
value  of  a.     Plot  VI  has  been  taken  from  a  previous  article.* 

The  following  table  contains  the  other  data  from  Konowalow. 


Nitrobenzene  in  methyl  iodid. 
«  =  18rp  =  310'7mmHg 


n 

19-7 
40 
50 
66-6 

82 


P 
260-5 
210-7 
185-4 
137-1 

79-5 


a 

1-3 

1-4 

1-5 

1-6 

1-6 


Nitrobenzene  in  ether 
«=181*'i)  =  416mmHg 


n 

V 

a 

16 

351) 

1-2 

40-8 

294-6 

1-6 

60-9 

261-6 

1-8 

59-1 

232-3 

1-H 

63-9 

215-7 

1-9 

66-6 

203-5 

19 

75 

166-3 

2-0 

76 

160-9 

2-0 

86-6 

98-7 

2-0 

92-5 

59-5 

21 

Nitrobenzene  in  amylene. 
t  =  181"  p  =  391mmHg 


n 
16*5 
32-3 
41-6 
69-9 
66-6 
78-8 


P 
351-2 
332-9 
323-7 
294-8 
263-8 
207-9 


a 

1-7 

2-7 

3-3 

4-6 

4-1 

4-2 


5-9 
two  layers 

4 


^8-2 


Nitrobenzene  in  pentane. 
fz=\S'Vp  =536-8mmHg 
n  p'  a 

514-3  1-5 

504-0 

479-6  30 


These  data  have  been  plotted  in  figure  3.  The  activity 
factor  of  nitrobenzene  is  pretty  constant  in  methyl  iodid  and 
in  ether,  in  amylene  it  increases  considerably  as  the  nitrol>en- 
zene  increases,  while  in  pentane  the  increase  is  20  times  what 
it  was  at  the  beginning.  In  this  case,  however,  we  have  two 
coexistent  phases.  Unfortunately,  the  compositions  of  the 
coexistent  phases  are  not  given,  only  one  composition  before 
the  coexistent  phases  have  formed  and  one  after  the  coexistent 

*  Joorn.  Fhys.  Chem.,  ii,  847  (1898). 
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phaeos  littve  diBappenrcd,  The  extremities  of  the  broken  line 
uf  [V  nmrk  the  com  positions  of  tlie»e  solutious.  I  have  added 
jilfiU  V  and  VI  taken  from  an  earlier  article,*     They  tit  in 
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Activitv  factor  ii » 

I.   In'cHJ.     II.  Iii(C,H.),0.  HI.   Iii(CH,),C:CH(CH,). 

IV.  IiiCH,,.  ''  =  18-r. 

V.  InCCl,  '  -H4.8.     VI.  lu  (C,H(),0  (  =  16.2°. 

very  well  with  these  uf  Konowalow  and  together  with  VI  of 
(ignre  2  show  how  characteristic  of  two  coexistent  phascis  the 
hig  jump  ill  the  activity  factor  is. 
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Art.  XLII. — I'/te  Relation  of  Mam  Actwn  and  Physical 
Affinity  to  Toxicity^  nfith  incidental  dtficussioii  as  to  how 
far  electrolytic  dissociation  may  he  involved ;  by  J.  B. 
Dandkno. 

Mass  action,  as  a  principle  underlying  chemical  phenomena, 
19  comparatively  well  established.  The  law  may  be  briefly 
stated,  that  when  any  substance  in  a  dissolved  state  enters  into 
a  chemical  reaction,  the  amount  of  the  action  is  proportional  to 
the  active  mass  of  the  substance.  By  nuiss  of  su])stance  in  solu- 
tion, or  molecular  concentration,  is  meant  the  number — not 
actual  but  relative — of  molecules  per  unit  of  volume.  It  may  be 
expressed  as  so  many  pram-ions  per  liter  of  solution.  An  illus- 
tration of  mass  action  is  here  given.  When  potassium  nitrate 
and  sulphuric  acid  are  mixed  in  solution,  a  reaction,  depending 
upon  the  mass  of  each  in  solution,  takes  place.  Thus,  if  the 
acid  be  in  excess,  the  resnlting  products  are  potassium  bisul- 
phate  (KIISOJ  and  nitric  acid;  but  if  a  large  excess  of  nitric 
acid  be  added  to  potassium  bisulphate,  the  resulting  products 
are  II,SO^  and  KNO,,.  Such  phenomena,  though  common 
enough  in  chemistry,  are  not  well  understood. 

In  tin's  paper  an  effort  is  made  to  set  forth  one  point  of  view 
from  the  physiological  side.  The  radicles  of  some  seedlings  are 
used  as  the  physiological  reagent,  and  a  few  common  solutions 
as  the  chemical ;  and  silica  to  re})resent  a  possible  physical 
agent. 

By  physical  attinity  is  here  meant  the  force  of  attraction, 
without  chemical  change,  that  substances  may  have  for  one 
another  in  solution.  As  will  be  shown  in  some  of  the  experi- 
ments described  in  this  paper,  there  is  a  very  considerable 
amount  of  such  attraction.  It  has  been  pcunted  out*  that, 
with  certain  toxic  solutions,  the  toxicitv  was  much  reduced 
when  non-chemicalf  substances  were  present.  But  just  to 
what  extent  such  non-chemical  substances  have  to  do  with  the 
well-l)eing  of  plants,  little  is  at  present  deiinitely  known. 
From  this  it  is  not  to  be  inferred  that  such  effects  are  the  only 
effects  which  may  result  from  the  presence  of  non-chemical 
substances.  It  is  this  action  alone, — this  hindrance  to  the 
chemical  action  (which  would  take  place  if  the  non-chemical 
substance  were  not  ])resent) — which  is  here  considered. 

The  importance  of  this  is  at  once  apparent,  when  one  consid- 
ers that  the  great  mass  of  soil  particles  are  non-chemical  in  their 

*Dandeiio,  Trans.  Can.  Inst.,  vii,  p.  315. 

f  By  non-chemical  substances  is  here  meant  those  substances  which  do  not 
react  chemicaUy  in  the  experiment  in  question,  and  which  are  not  soluble  in 
the  liquid  used. 
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iiatare.  The  i|De«tiou  of  fertilisers — one  of  the  raost  iinpor- 
tarit  to  tlio  farmer — U  essentially-  a  part  of  this  qaeetion.  Fi)r, 
if  the  partitOenof  mjil  can  mechank-iiU^^'holdetih^tances  in  solu- 
tion, then  there  will  alwav^  be  a  certain  amoBnt  in  the  enil 
wJiich  is  not  available  to  the  rootn  of  the  plants.  Moreover, 
roots  will  be  ablu  tu  withstand  a  greater  otnoant  of  jMiiarmoafl 
Hnbi<taiH;e  in  tliu  tioil  tban  they  eoalj  if  immersed  in  a  liquid. 
There  are  Dumerons  sn^gestione  which  may  arieo  along  this 
line,  but  the  discDfision  in  this  paper  ib  contined  to  two  phases 
of  the  aspect, — (1)  that  of  the  inliibitory  effects  produwd  by 
pure  sand  upon  toxic  jwlutions,  and  (2)  thai  of  the  relative 
effects,  in  the  same  regard,  of  fine  and  nf  coarse  particles. 

Considerable  has  been  done  within  the  last  eight  or  tea  years 
towards  detenniiting  at  what  concentration  of  solution  cer- 
tain »eedlinj^  will  fiur\'ive,  when  the  radicle  is  immersed  in  the 
solution  for  a  given  period  of  time.  Kahlenberff  and  Trne,* 
m^'i,  record  a  large  number  of  experiments  made  withZi^»iM 
iiU»t«,  and  dedoc^d  certain  resnlts,  some  of  which  are  quite 
probably  unwarranted.  Their  general  method  of  prepario); 
solations,  a  departure  from  the  i>ercentage  method,  U  to  be 
commended,  though  some  confusion  in  regard  to  naming  of 
solutions,  aud  other  errors  of  chemical  formnlae,  make  it  neces- 
sary to  be  cautious  about  accepting  their  results.  Heald.f  in 
the  aarae  connection,  worked  with  seodlinga  of  Zea  mau, 
J'imim  Hatirvm  and  Ci/rvrbit^.  but  unfortnnat^ly  confusefl 
nnitters  wniiewliat.  in  the  same  manner,  su  that  one  cannot  recon- 
cile his  tal)lc  summarizing  resnlts,  with  the  individual  table*. 
I'cir  e\ani[iie,  on  page  15^,  Ilcald  gives  the  limit  which  for 
^■oni.  jnst  allowed  growth  as  1/1024IMI  eo.,  CuSO,  ;'wbile  on 
\in^ti  14u.  sinne  ])a|>ei',  lie  records  for  the  same  seedling  a 
growtli  of  1*1-.')  and  """"  (for  two  successive  days)  in  a  solution 
iif  CiiSO,  1/111^41111  /«')/.  It  seems  a  pity  that  more  care  wa? 
not  tiikt-ii  ill  this  regard,  SlevensJ  worked  with  spores  of  ii 
few  fiiiri^i;  anil  Locwi;  j^ave  results  of  experiments  made  with 
seedlings  of  Indian  forn. 

Tnii-  and  (!ie.-'  worked  with  mixed  solutions  and  this  work 
hears  snnmvhat  ii[«in  the  line  of  thought  followed  throujrli  a 
nart  .if  this  paner.  TrLie*  rei'orde.l  the  results. .fa  largt-nmn- 
her  of  ex|>,.|ii„eiit.  with  A^/y.;,,-/..  .,/l,„..  alunir  U  similar  line  h- 
that  |>iiiMi,-il  l,v  KahleiilMT-aiiil  TiiLe.  Ttiie  and  Ilnnkcl*^ 
used  e,TtaiH  of  lli.-  |iheaoU  m  a  .-itiiilar  .■onnocliim. 

Mnivnver.  the  .-aiiie  prnMnn  lia>  been  ti.iiehed  upon  from 
ao..r]jer    pnitit   m1    vi.w,      ().  l.ucwH  ,li.<ai>scd  tlic  .luestioii  ..I 

*1!..1.  li.ii;..  XMi.  l^'.iiV  .  l!iill.  Ti.rr.  ilnl.  Club,  xxx.  3«MI.  19<«. 

HU.t.   (i;i/...   .■.xii,    isnti.  •   Tlii-.)..imiHil4),  ix.  p.  IM.  I'JOO. 

;  ii,.l.  liH/..   xwj.  :U!7.  1S!(S.  •■  B..1.  I.V11I.,  Lxxvi,  J..  \). 

~:  SfiLZii-..,  S,.|,;.  4,  l;jii;l  p   Ml-i,        Ml'.  S.  IVp,  \u..  Bull.  18,  189(1. 
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the  fanction  of  certain  of  the  mineral  salts  in  the  soil.  Plow- 
man* dealt  with  the  question  from  the  standpoint  of  elec- 
tricity and  magnetism,  usin^  plants  growing  in  flowerpots.  He 
concluded  that  ionization  of  the  soil  bore  directly  upon  growth 
of  plants.  Cameronf  deals  with  the  same  question  mainly 
from  the  point  of  view  of  soils  and  crops.  Clark:}:  pursued  a 
line  of  work  similar  to  that  of  Stevens. 

It  is  not  the  intention  to  give  a  complete  historical  bibli- 
ography of  the  subject,  but  rather  to  mention  some  of  the 
more  prominent  work  done  directly  along  this  Ihie  in  order 
that  correlation  of  data  may  be  available.  Due  acknowledg- 
ment will  be  made  of  the  work  of  each  in  its  proper  relation 
to  this  discussion. 

The  aim  of  most  of  those  authors  seems  to  have  been  to 
determine,  for  certain  solutions,  the  concentration  at  which 
organs  or  organisms  would  just  live,  or  just  not  live.  Nothing 
apparently  is  said  as  to  whether  quantity  of  solution  had  any- 
thing to  do  with  the  life  of  the  organism.  Nor  is  anything 
said  of  the  question  as  to  whether  the  shape  of  the  vessel,  or 
the  presence  of  foreign  non-chemical  bodies  might  have  any 
influence  upon  the  action  of  the  substance  in  solution.  The 
quantity  of  solution  used  was  apparently  considered  of  little 
importance  by  some  of  those  who  macle  experiments  along 
this  line,  for  little  or  no  mention  is  made  of  quantity.  Cam- 
eron (Bull.  71)  and  Loew  (1.  c),  however,  are  clear  on  this 
point. 

The  method  of  preparing  solutions  was  in  strict  accord  with 
the  plan  of  chemical  equivalents,  that  is  to  say,  the  solutions 
were  so  prepared  and  named  that  7i  stands  for  a  gram-equiva- 
lent per  liter  of  solution  in  each  and  every  case.  The  immber 
in  the  denominator  of  the  fraction  whose  numei-ator  is  w, 
denotes  the  concentration  of  the  solution  under  consideration. 
Where  the  acids  or  salts  are  monobasic,  the  gram-molecule  is 
the  same  as  the  gram-e(iuivalent;  where  the  acid  or  salt  is 
dibasic,  then  one-lialf  the  molecular  weight  to  a  liter  is  the 
gram-equivalent.  It  is  not  necessary  to  mention  acids  or  salts 
of  other  basicity,  as  the  two  mentioned  are  the  only  kinds 
used  in  the  experiments  here  described.  In  the  case  of  the 
so-called  acid  salt  (NaHCO,),  one-half  the  molecular  weight  in 
grams  dissolved  to  a  liter  is  the  gram-equivalent  per  liter 
solution,— exactly  similar  in  concentration  to  that  of  the  car- 
bonate  (Na,COj.     This  may  seem  unduly   explicit   on   this 

•This  Journal  (4),  xiv,  p.  129,  Aug.,  1902. 

t(a)  XJ.  S.  Dep.  Ag.,  Bur.  of  SoUs,  BuU.  22,  1903. 

(6)  Jonr.  Fhys.  Chem.,  viii,  1,  Jan.,  1904. 

(e)  Boll.  71,  XJ.  S.  Dep.  Ag.    This  contains  a  pariicolarly  valnable  dia- 
enaaion  of  the  matter,  Kearney  being  associated  witn  Cameron  in  the  work. 
tBot.  Gas.,  zzviii,  p.  409. 
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point,  bnt  it  ie  necessary  to  be  so,  considGring  sotno  work  whioh 
tias  l>een  do««  ttloiip  a  similar  line.  For  example,  True* 
HtAtee,  referring  lo  H,SO, :  "  And  since  it  splits  off  two  11  ions 
from  every  raoleculo,  it  would  have  in  chemically  equivalent 
quantities  twice  th«  unniber  of  H  ions  found  in  HOI."  Tlie 
Author  just  referred  U>  evidently  liad  an  erroneous  view  as  to 
what  chemical  equivalent  quantities  meant,  althongh  lie  had 
previous  to  this  poblisbed  *>nie  papers  (,oue  of  which  han 
alntady  been  referred  to)  on  a  similar  character  of  work. 
Llence  it  may  be  seen  tbat  care,  both  in  pregmrini;  and  in 
iiBmiiig  solntions,  is  very  desirable. 

The  solutions  used  in  the  following  experiments  were 
selwcted  becauwe  they  represent  the  chief  types, — acid,  base. 
and  toxic  salt.  The  carbonate  and  the  bicarbonate  were  used 
in  order  to  see  how  physiological  reactions  micht  harmonize 
wilb  tliG  tlieorv  of  electrolytie  dissociation.  Carbonic  acid  pre- 
sented a  [wculiar  aspect  of  the  question,  inasmuch  as  it  is  an 
acid  which  is  said  to  dissociate,  and  yet  it  produces  almost  nn 
toxic  effect  at  the  highest  coucvntratiou  obtainable. 

Tlie  method  of  marking  and  of  measuring  the  radicles,  and 
the  tes[  applied  lo  decide  the  question  of  death,  were  accord- 
ing to  the  method  of  Loew*,  namely,  that  of  a  growth  in 
water  after  having  I>een  submitted  to  the  solution  test.  If 
growth  t«ok  place  in  the  solution,  and  then  in  water,  tlie 
radifle  was  conaldered  living;  but  if  no  growth  took  place  in 
wn tec— after  ttiL-  twL'iity-l'niir  liuuis  in  the  sulution— the  radick- 
was  considered  dend.  For  measuring  the  gi-owtli  of  the  pL'H 
and  tiie  corn,  a  mark  was  made  on  the  glass  vial  on  one  or 
lioth  sidcM ;  then  sighthig  through  in  line  ivith  tiie  root  ti]>. 
moasnreinent  could  thus  be  made  very  accurately,  and  cer- 
tainly very  conveniently.  In  the  case  of  the  lupine,  a  murk 
was  made  with  india  ink  at,  or  a  little  below,  the  junotimi 
between  the  root  and  stem  ;  aiid  this  mark  kept  above  the  .solu- 
tion. Meiisiiruiueiit  wns  made  from  this  mark  to  the  end  of 
the  v-i«t  tip  and  recorded. 

X\\  atti;ni|it  WHS  i.mdc  t<.  follow  the  method  of  markiii<: 
;id.i|,t,-d  bv  Ik-iiM.  ivnd  Kahl.TilK-rL'  and  Tnic,  but  it  was  f.mml 
h».  .■Iiimr-v  for  the  piLrjio>e,  riiainlv  for  the  reas(m  that  the 
iriiUii  ink  \v..idd  "  run  "  »,  ;is  f..  leiiVc  the  mark  upon  the  r^">r 
l.ruad  and  indeHnite.  an.l  in  some  crises  the  mark  was  uJiliivlv. 
In,|  when  Ihc  |i;.rti..ii  ,d'  the  ra.b.-lc  on  which  the  mark  w;i'. 
Hladew.i.  in  thesnhitinn. 

The  .ee.lliii--  ll-e.l  Were  /, -/  i.n'is  [,:num„n  tii-Ul  Corn,  vel- 
|,,«-  de)it  variety..  /'/.-.„-  ..^t;,-..,.,  Ismail  llel.I  pea)  and  /."jr;,.,,.^ 
.■II:,..  {^yW^u■  hi,, in,,.      Tlie-e  were  >elcete>l  cliieHv  because  tlie^ 
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ti^tors  had  worked  with  the  same  kind  of  seedlings,  render- 
ing comparison  of  results  possible.  Seedlings  were  prepared 
in  the  usual  way,  and  were  used  when  the  radicle  was  of  a 
suitable  length.  However,  none  was  used  whose  radicle  was 
less  than  12"^™  in  length. 

For  the  test  in  regard  to  physical  affinity,  a  pure  sand  was 
obtained  from  ground  quartz.  This  was  thoroughly  washed, 
lirst  in  strong  llCl,  then  in  water,  and  lastly  in  distilled  water 
several  times.  Two  grades  were  se(jured,^;^7?^  and  coarse.  The 
particles  of  the  line  sand  were  of  such  a  size  that  the  volume 
of  one  grain  was  -0055^^'""',  and  a  grain  of  the  coarse  sand 
.22c^nam^  The  surface  area  of  the  line  sand  is  to  the  surface 
area  of  the  coarse  sand,  therefore,  as  3 :  2,  in  a  given  mass  of 
sand.  From  this  it  is  not  to  he  inferred  that  all  the  grains 
were  exactly  of  the  same  size.  The  measurements  given  are 
an  approximation  towards  an  average.  A  further  test  was 
made  to  see  how  great  the  volume  of  air  space  would  be  in 
the  one  as  compared  with  that  of  the  other.  The  following 
was  the  result  of  careful  experiments :  In  a  total  volume 
of  15'6^°,  there  was,  in  the  cavse  of  the  fine  sand,  5*6^^  of 
air  and  10*^*^  of  sand.  Of  the  coarse  sand,  in  a  volume  of 
15'6%  there  were  O'O*^"^  of  air.  J3oth  were  tested  as  nearlv  as 
possible  under  the  same  conditions  of  packing.  Several  tests 
gave  the  same  result.  It  thus  appears  that  the  coarse  sand 
contained  a  little  more  air  space  than  did  the  line, — actually 
38*4  as  against  85'1>  per  cent,  in  proportion  to  total  mass  of 
sand  and  water. 

The  volume  of  sand  used  per  seedling  was  12'-^  and  8% 
in  the  case  of  both  kinds  of  sand.  As  no  difference  was 
observed  in  regard  to  growth  whether  the  ([uantity  was  12^^ 
or  8*^*^,  no  mention  is  made  in  the  re(M)rds. 

Some  of  the  experiments  seemed  to  show  that  the  shape  of 
the  vessel  in  whicli  li(]ui(l  tests  were  made  had  a  perceptible 
influence  upon  the  power  of  the  seedling  to  resist  the  toxic 
action  of  the  solution,  resulting  j)ossil)ly  from  inecpiality  of  dif- 
fusion. But  in  all  tests  recorded  in  this  paper,  the  vessels 
were  homeopathic  vials  of  uniform  ])n)portions  for  all  the  sizes 
(from  25*^*"  to  l'''^  capacity). 

For  corroborative  tests,  the  seedlings  were  germinated  in  cal- 
cium chloride  tubes,  the  '^seed ''  remaining  in  the  bulb  and  the 
radicle  growing  down  through  the  small  end.  Manijnilation 
was  thus  very  convenient,  and  the  minimum  of  damage  done 
the  seedling  in  the  j)rocess  of  transfer  and  of  marking.  This 
test  was  made  only  with  seedlings  whose  radicles  had  pene- 
trated beyond  the  end  of  the  tnhe. 

The  diilerent  tests  used  by  the  various  investigators  to  decide 
death  renders  it  extremely  difficult  to  make  comparisons.    The 
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test  here,  as  has  iilread.y  lieeu  stated,  is  the  cajiability  of  mak- 
ing further  j^rowth.  In  nice  distinctioiie  the  mere  appearance 
id  not  a  gatficient  teat;  IjHt  straiipe  as  it  maj  seem,  this  has 
been  tlie  most  general  criterion.  However,  in  the  most  critical 
I»iint  this  test  fails.  Jones  (Theory  of  Elect.  Chem.,  p.  269) 
states :  "  It  was  a  simple  matter  to  determine  wlicn  the  root 
wa.s  dead,  siuce  it  lost  its  satiny  lustre  and  acqnire^l  a  dewl 
white  color.''  This  is  just  ^vhat  it  is  almost  impossible  to  do. 
Cainerou*  gives  it  as  a  lest  of  death  that  when  the  lirst  la"-"' 
became  Huccid,  death  resulted.  From  this  it  inny  be  inferred 
tliat,  if  tiie  radielo  became  tiap«id  the  first  13""",  or  the  first 
10""",  or  even  tlie  first  5""",  the  seedling  would  be  recorded  as 
livinff  in  that  solution.  Where  the  radicles  did  not  become 
flaccid  at  death  he  docs  not  say  how  he  decided  the  [natter. 
He  contents  himself  with  saying  that  it  required  muc/i  experi- 
^ncf.  and  nice  judgment. 

Vagueness  is  occadonal  even  in  ineastiring,  Kearney  and 
Cameron  (i.  c.)  state:  "The  radicle  had  somewhat  elongated 
from  the  plumule  to  the  apex."  They  may  mean  from  the 
terminal  bud  to  the  apex  of  the  root;  or,  possibly  from  one 
end  of  the  radicle  to  the  other,  two  very  different  things. 

The  tables  contained  in  this  paper  (unless  otherwise  stated) 
are  records  of  avera^n  experiments  of  each  type.  It  would 
ocoapy  far  too  mnoh  space  to  give  all  the  records,  becswie  a 
large  number  of  experiments  were  made  in  each  class,  often  as 
many  as  twenty  seedlings  being  subinitfed  to  the  test.  Experi- 
ments were  frequently  repeated,  sometimes  out  of  mere  curi- 
osity, but  all  the  evidence  obtainable  was  used  to  strengthen 
whatever  results  are  here  set  forth.  One  or  two  seedlings,  in 
a  test  of  this  nature,  is  not  enough.  Occasionally  a  seedling 
will  die,  even  in  water,  and  it  is  extremely  difficult  to  tell  wliy. 

To  show  an  example  of  tlie  comparisons  of  growth  made  in 
regai-d  to  quantity  of  solution  used,  one  experiment  is  here 
below  reeonled. 


Pea.  HCl  ,./3048. 

QiiHUtitv  of 

Growth  in  34  hours 

In  water,  k^v 

ill  solntion. 

in  34  honrw 

(■   wliose  resuhw  are  just  ; 
■iTaMe.  Il-IX. 
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The  colamns  in  the  foUowinfr  tables  (I-IX),  under  concen- 
tration used,  are  divided  into  fear  parts,  and  these  are  sab- 
divided, — A,  B,  C,  D.  In  the  column  A  is  given  the  number 
of  cubic  centimeters  in  which  the  radicles  plainly  lived  and 
grew.  In  B  is  given  the  number  of  cc.  in  which  the  radicles 
died.  Column  C  contains  the  average  number  of  mm.  the  radi- 
cles grew  during  twenty-four  hours'  immersion  in  the  Solution 
used.  This  number  is  not  the  maximum  average,  that  is  to 
say,  it  is  not  a  measure  of  the  growth  which  might  be  obtained 
in  a  quantity  of  solution  much  less  than  the  one  given  in  col- 
nmn  A.  In  column  D  is  recorded  the  average  growth  obtained 
in  twenty-four  hours  when  the  radicle  was  in  water,  after  hav- 
ing been  taken  from  the  solution.  This  also  refers  to  the 
seedlings  grown  in  a  quantity  as  indicated  in  A. 

II.  H,S04. 


n/1024 
^    A     B      C   j  D 


11/4096 


n/8192 


>./2048 
A      B      CDiA     B;CD     ABCD 


Pea 

Lupine 
Corn 


2*     5     5 
5"i    8     5 


5   I 


1    !  2^     5   I  14  ,  12   ,  20     5      10 


6  8,  7  '  4  ;  12!25  3  0 
12  20-  2  6  '25i  7  9 
20   251  5  I  2 


III.  HCl. 


i;  n/1034 

I     ~7        I 

A    B    c  :  D 


n/409G 


h/8192 


Pea 

Lupine  '| 
Corn       ii  1     2^ 


ri/2()48 

I  I 

A      B      C  D       A     BCDiABiCiD 

2 J     5      12  l;^        5    8    8    4     12  20i  8  '  2 

2|     5.    12  22       5    8    3,  S    20,25,  8 


8      10     2*      5      12     10  ,    ii2   20  6    3    25 


13 


3 
3 


II 


i»/171 
A  I  B   '  C      D 


IV.  HaCO,.* 
/1/343 


n/513 


Pea 

Lupine  \\  25 
Corn        j  25 


I 


7 
16 


A      BC       D       A     BCiD 
'   20    25     11     12     25         12!l5 


3 
35 


Y.  CuSO«. 


»  ji/32768 


/./65536 


n/ 131 072 


I  ■ 


n/262144 


!  A 

B 

5 
12 

CD       ABC 

16     0        8    12     18 
4     6      26              7 

1 

~o. 

30  i 

1 

A  ,B    C    D     AiB,C    D 

Pea         1 2i 
Lapine     5 
Com 

12   20 

1:2* 

4    0    !25        10  6 

1 

8.13  120,26    71  8 

*  This  is  oonsidered  a  divalent  acid,  tboagb  Cameron  regards  it  as  a  mono- 
Talent  acid  (HCOi).  * 

Ix.  Jour.  Sol— Foubth  8ebie8,  Vol.  XTII,  No.  102.— Ji^he,  1904. 
80 
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71.  KOH. 


n/04 

M/1E8 

n/sm     :\ 

M/aia 

. 

A. 

I 

B     0 

34     6 

D 
i 

A 

4 

25 

S 

B 

0 

11 
13 

D 

n 

_aIb 

0   d|  A 
11     4i'95 

'"'11 

bIo 
I  a 

D 

Vem 

Ziamtm 

Com 

13 

n/« 

•t/liS 

n/2Sfl 

A 

1 

a* 

B 

1* 

5^ 

3    10 
13    16 

A 

8 
28 
26 

B 

c 

7 
8 
19 

D 

8 
0 
Ifl 

A 

2S 
35 
2S 

B 

0 

8 
U 

la 

D 

12 
10 
12 

1^ 

Lapine 

Com 

„^ 

n/S4 

n/128 

n/250 

A     B 

0     D 

A 

B 

C 

D 

A 

B    C 

D 

A 

B 

c|d 

Fa 

corn 

12 

20 

10 

6 

.1 

20  10 
2Sl   8 

5 
8 

'l2 

j2fi 
3.f 

2fi 

io't 

CD     A    B    C 


Pea 

I.„|,i.» 


=* 


3  2         8    U'   7    1  I     1 2 

4  5       23  5      G   2.*) 
7       C       25  0  20   25 


Diiriiiii  tlie  <:iiiirsr  i.f  iii;iiiv  of  tlic  oxjioriiiioiits  TuaiU-  witli 
rndi.-lm  ■iiiiimT«-<l  in  «iliiti..il,  rcrtniii  iJii-iKiiiicriii  soi'iiioil  I., 
iii.lii-ntr  tliat  tlir  a.-tini,  wliich  tnnk  |,la,-i-  Lotwcrii  tlio  Mili,.|aiuf 
in   Milulii.]iM)nl  llio  radicio   »a>  rlicmiral  in  it,  natnrc.     C.n- 


■ntiv. 


:«W  I 


i.n  tin- 


ni.lnco  if  allum-cl  1,.  vvn.-t 
iwiiuf  tln-M-uxiHTinKiii- 
ni.lniinL'  IH'I. »/!"-'+  ■""I 
,-.«■,  .■imi  M-f,llina,  jvLTC 
nlnnn-  nf  snlntimi  nso.l   in 


fill 


i  tlicsc  sreiilina- 


nf 
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were  taken  from  the  solution  and  fresh  seedlings  put  in  their 
places  in  the  same  solution.      In  column  3  is  recorded  the 

frrowth  of  seedlings  during  one  day, — the  second  day  tlie  seed- 
ings  were  used.  These  were,  of  couree,  the  same  solutions 
which  had  been  used  the  previous  day.  This  was  continued 
for  eight  days.  In  column  6  is  the  recorded  growth  for  two 
days.  In  all  other  cases  the  growtli  is  for  a  period  of  twenty- 
four  hours.  The  same  solutions,  therefore,  were  employed  for 
eight  days,  and  seven  series  of  fresh  seedlings  were  used  in 
the  test. 

X.  Com,  HCl,  n/1024. 


1. 

Growth  at  the  end  of 

1 

Qaantity  of 
solution. 

2 
1  dy 

3 
^  dy 

4 
8dy 

5 

4dy 

6 
~  6  dy 

7 
7dy 

8 

8dy 

25CC 

0 

0 

0 

0 

0 

0 

0 

20 

0 

0 

0 

0 

0 

0 

0 

12 

0 

0 

0 

17 

12 

8 

23 

8 

0 

0 

0 

14 

20 

13 

28 

6 

0 

8 

3 

9 

10 

* 

* 

H 

0 

8 

20 

22 

18 

* 

* 

I 

8 

10 

2 

24 

* 

• 

* 

* 

XI.  Cora,  H,S04,  h/1034. 

1. 

Growth  at  the  end  of,- 

,^.. 

Qnantity  of 
Bolntion. 

.__.     j^ 

8 
2  dy 

4 
3dy 

5 
4  dy 

6 
0  dy 

7  dy 

8 
8dv 

•• 

1  (Iv 

26" 

0 

0 

0 

0 

0 

0 

0 

20 

0 

0 

0 

0 

8 

5 

10 

12 

0 

0 

0 

0 

6 

8 

25 

8 

0 

0 

10 

24 

1(5 

24 

O 

0 

14 

15 

22 

8 

♦ 

* 

H 

0 

12 

30 

22 

20 

♦ 

* 

1 

14 

13 

20 

* 

* 

* 

From  these  tables  it  seems  reasonably  dear  tliat  (n/ant!ttj  of 
solution  bears  certain  relations  to  toxic  action.  In  Talkie  I  is 
shown  a  sort  of  limit  in  (quantity,  somewhere  between  2 J  and 
5",  the  seedlings  plainly  living  in  quantities  of  1  and  of 
2i^;  while  they  just  as  plainly  died  in  quantities  ranging  from 
5**  up  through  i^5".  The  action  is  probably  a  chemical  one, 
resulting  from  the  substances  sup})lied  to  the  solution  by  the 
plant;  or,  it  may  possibly  be  a  physical  action  produced  upon 
the  solution  by  merely  extracting  certain  substances  mechan- 
ically from  the  solution.    It  is  by  no  means  easy  to  decide  which 

*  No  tests  were  made,  as  growth  was  quite  evident. 
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it  may  Iw.  Iti  each  case  the  toxic  action  of  tlie  enlution  id 
ri'dwced;  iti  thy  former  by  neiitralizfttion  ftuil  in  the  latter  by 
extraction  of  the  hnnrifiil  i'lcment.  This  is  plainly  shown  in 
Tables  X  and  XI.  Eaflh  needling  mnko«  tlic  solution  lees  toxie, 
ns  ie  shown  from  the  fupt  that  on  the  tirst  day  tlie  seedlings 
lived  in  a  mmntity  of  1"°  in  the  caite  of  both  acids,  while  on 
the  eighth  day  thoy  lived  in  tt  ijuantity  of  12". 

Larger  miaiititicf!  than  25"  were  nsod,  Imt  no  difference  was 
uotiwd.  In  fact,  when  two  or  three  st-udlin^  wens  itlttced  in 
«  lioftker  tldd"}  with  radicles  immersed,  it  usually  ha{>]>enod 
that  they  stood  thu  eoMCi-ntration  Irettcr  than  when  placed 
sinfrly  in  vials  eontaininn  ""'^  25"  of  sohition. 

Smull  (inantitieii,  as  a  rule,  gave  the  most  clear-cnt  rtiictions, 


[trobahly  [)ecitii»e  of  the  fact  that  diffusion  in  solutions  is  »o 
very  slow,  makinif  it  possible  for  a  considerablti  «iuantity  of 
the  solute  or  of  tiie  ions  to  lie  in  a  part  of  the  solution  too  far 
from  the  radicle  of  the  seedling,  to  affect  it.  Hul  in  the  cam 
of  Miiiill  <iuAiititiiw,  diSasion  will  enter  into  the  problem  (o  no 
very  j;roat  extent,  rendering  it  possiblu  t*i  obtEiin  results  whicli 
are  more  nearly  aoeurate  from  a  chemical  point  nf  view. 

The  actual  amount  of  tosic  ions  overcome  in  24  hours  hv  a 
seedling  of  eorn  with  U,SO,  and  IICI  is  1°'  of  h/1024,  giving 
a  rmilt  of  l/OflOx  1/1024  =  l/1024)Xiil  grams  of  ionic  hydnV- 
gen.  This  laoj^  be  expreeaed  in  .another  way: — 1 ,024,000  'seed- 
lings would  resist  the  toxic  action  prodiicfd  by  ono  uram  .if 
intiic  hvdrrigeo.  It  nmy  lie  proved  absuliitrlv,  i\-  inlli'■at^■^i  in 
Table  il,  i-olnmn  A.  of  a  concentrntion  ..f  /-/liii>4.  l-'or,  if  ;i 
i-nmi.e.|iiivalcnt  .•^i.luiii.n  be-  dUntcd  lo  »/U\-JA  and  divided  up 
into -iiiantilics  of  1".  iiiid  a  ^.■cdlinir  W-  plami  in  i-acb,  tht-v 
wonld  ;dl  lii-.iw;  bnt  if  divided  up  itito  oiiantitii's  of  2i'%  and  a 
=<L-cdlin^r  plat'i-d  ill  ^.acli,  they  would  all  die.  For  more  (Ulutv 
sohiti'.Tis,  till.'  sirdling  cuii  live  in  the  pr^.'-cncf:  of  a  far  fireater 
amount  .if  ii.nic  hvdr..iren,  ^llowillg  that  ditfusion  is  rcmnrkablv 
s:|.)w  an.l  that  tlu''  action  .,{  thi-  ma^s  of  the  water  is  consider- 
able. TlK'nnini.er.if  grnni-ionsinasolnti.in  V2()4S  would  lie 
half  A>  nianv  per  nnit  .if  v.ihuDc;  but  the  corn  seedling  livt-s 
whfn  sul.JLiittrd  tn  IL'"  of  this  solutii.n.  It  .lught,  l.owevor.  t.. 
witb-Ian.l  nnh  •2-.  if  diffn-ii.ii   uvrc  pcrfi-ci   ami  mass  a.-ti.m 

'     ■  '        pivvriifd    tV-iHi    arlin.-  ii|>ni,    th«'    radicle   fiviii'i 
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tions,  the  difference  being  greater  and  greater  as  the  amount  of 
solution  increases.  So  that  beyond  a  certain  limit  of  concen- 
tration, no  matter  liow  much  ionic  hyih'ogen  be  present,  this 
hydrogen  is  prevented  from  acting  on  the  radicle  by  the  mere 
presence  of  the  mass  of  water.  This  is  probably  because  diflFu- 
sion  is  so  very  slow.  The  corn  seedling  theoreticallv  should 
resist  1,  2,  4,  8^^=  of  IIVA  in  the  4  dilutions  given  in  Table  III, 
if  diflFusion  were  perfect.  But  it  does  actually  resist  1,  2^,  12, 
inf.,  Table  III,  so  that  the  difference  in  (piantity  due  to  mass 
action  is  rejuvsented  by  the  differences  between  the  pairs  of 
numbei-s  in  the  series  thus, — D,  i,  8,  inf.  Xow,  in  ;?y8192  the 
lupine  or  the  corn  will  counteract  the  harmful  ions  as  fiist  as 
thev  come  in  contact  with  the  radicle,  so  that  the  dilution  at 
which  the  seedliniy  lived  in  25"^^  mav  be  said  to  be  the  dilution 
where  diffusion  and  vital  activity  are  balanced.  The  limit  of 
resistance,  therefore,  for  corn  is  1'^  of  ;^/1022 ;  and  of  25*^"^ 
n/8192. 

It  has  been  ])ointed  out  (8,  1.  c.  p.  1)0)  that  lateral  roots 
which  develop  after  a  seedling  is  phxced  in  a  test  solution  may 
live  and  grow  even  though  the  radicle  itself  be  killed.  Kah- 
lenberg  and  True  suggest  that  this  is  due  to  a  power  of  accom- 
modation, but  this  is  quite  probably  not  so,  because  in  a  number 
of  experiments  with  seedlings  which  had  withstood  one  solution, 
an  attempt  was  made  to  have  them  grow  in  a  solution  a  grade 
stronger,  or  in  the  same  solution  in  greater  quantity,  but  with- 
out success.  Seedlings  showed  n(^  power  of  accommodation. 
It  is  more  prol)ably  due  to  the  fact  that  the  radicle  has  already 
partly  neutralized  the  solution,  as  appears  in  Tables  X  and  XI. 

The  strongest  solution  of  carbonic  acid  (H.^C03)  which  it  was 
possible  to  ol)tain  was  ;^/lTl  by  actual  titration  test.  Seedlings 
of  corn  and  lupine  stood  this  concentration  readily,  but  the  pea 
did  not.  With  the  largest  quantity  of  solution  used  (25^^*^)  the 
pea  survived  in  n/tAZ  but  died  in  n/\W2, 

H,CX)„  according  to  the  theory  of  dissociation,  may  dissociate 
into  H.  ions  and  CO,  ions,  or  possil)ly  into  II  ions  and  HCO, 
ions,  more  probably  the  latter,  reasoning  from  such  data  as  we 
liave  concerning  XaHCOg.  Xeither  case  can  be  true,  speaking 
in  the  language  of  the  theory  of  electrolytic  dissociation,  because, 
if  there  were  H  ions  present  in  such  quantity  as  is  indicated  by 
a  dissociation  into  11  ions  and  CO,  ions,  then  it  would  be  as 
toxic  as  IIjSO^,  but,  from  those  experiments,  it  can  scarcely  be 
one-fiftieth  as  toxic.  The  other  alternative  method  of  dissocia- 
tion can  not  account  for  this  either,  for  a  similar  reason.  These 
results  are  in  opposition  to  the  theory  of  dissociation. 

The  experiments  with  sodic  carbonate  show  that  the  corn 
seedling  endures  a  solution  of  n/128  in  25*'^  From  the  side 
of  the   theory  of  dissociation   tliis   substance  should   permit 
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growth  at  about  «/Hi,  because  sndie  ehlnride,  which  is  aboal 
5/0  (iissociated  at  this  concentration,  periiiits  prowth.  The 
t^odiiini,  in  the  ciise  of  NaCI,  iipiiears  to  be  but  iili(jhtly  toxic. 
Nor  cmi  tLo  CO,  inn  bo  very  toxic,  from  Table  JTV.  "Whence 
then  this  great  toxic  action  of  Na,C(),^  Baeing  onr  views  npon 
the  theory  of  olectrolvtic  dissociation,  it  ought  to  be  about  the 
same  as  ^aCl  or  Nu,SO,.  But  it  is  fur  more  so.  From  tliis  it 
would  seem  that  tlie  tlicory  waa  ingutiicieut,  or  poseibly  erro- 
neous. The  explanation,  in  tlie  writei-'s  opinion,  ia  tliat  the 
Na,CO,  breaks  up,  in  aqiieous  solutione,  into  Na,0  and  CO,  and 
then  r«act8  thus:— Na  CO,+H,0  =  SNaOH+CO,.  It  would 
thou  bo  practicallv  a  solntion  of  NaOll  of  a  concentration  iden- 
tical with  that  of  NajCO,,  which  was  chemically  equivalent. 
This  18  quite  probable  from  these  experinienta.  If  this  explana- 
tion be  correct,  the  theory  of  dissociation  may  give  very 
misleading  notions  as  to  the  actual  condition  of  anairs. 

The  bicarbonate  of  Boda  affords  another  illustration.  Tliia 
may  dissociate  into  Na  and  HCO„  or  into  H  and  NaCO,,  or 
into  !Na,H,  and  00,.  The  experimenle  show  that  the  pea  will 
grow  in  25"  n/128  and  in  NaOH  m/356.  If  the  bicarbonate 
dissociate  according  to  the  first  plan,  tlie  seedling  onght  to  live 
in  a  solution  about  fi/S ;  and  if  according  to  either  of  the  latter, 
in  a  solution  of  about  7i/2048.  It,  Uowover,  doee  neither. 
'  Pea  eeedlin;^  will  lire  in  small  ouantitieB  of  the  bicarbonate 
at  a  strength  of  n/16  and  in  similar  quantifies  of  NaOH  at 
/(/I'JS,  but  in  (Jiciiiifalty  eq\iiviiluiif  qiniutitit-s  tlicTc-  i>  just 
half  as  much  sodium  in  the  bicHrbimiite  as  in  tlic  hydroxide. 
They  would  compare  then  at  about  4:1  in  toxicity,  the  hydrox- 
ide being  the  stronger.  lint  sim-e  this  substance  nniy  dissociate 
in  three  ways  at  least,  we  may  have  a  dissoeiatitui  as  fullows, 
witli  jio.wiblv  an  nccompmiving  cbmnical  action;  SXallCO, 
produces  Nil,0  +  :2CO, -f  Jl,()  and  uXh  and  tiUCO,.  Tlii- 
might  easilv  give  a  rbernical  iviu-tion  fn>ni  Nu,0  und  11,0  ,.f 
ii>;iiOII.  lleiK-e  from  s  molecule-^  we  get  2  molecuk-s  -jf 
XaOII  or  -2  OH  ions.  The  iuiis  Xu,  and  IICO,  are  proh- 
liblv  harmless,  jndgini;  from  Talile  IV.  Tills  is  iu  the  l;m- 
gmige  of  tiie  tlieurv."  The-^e  exjilanatinns  throw  .some  hLdit 
iiimn  t!ie  alkaline  nrM-Wou  on  Htiuii-.  and  other  indieatnr>.  of 
riie   MM-alle.l    arid    suit     XiillCO,.      Tlienretii'ally    ir   i.uglit    tn 

alkalim-. 

Sioiiiarlval-witliXa.CO,.  Tii.-retk-allv  it  onglit  to  be  neu- 
tral, bill  it  aoluallv  n  arts  verv  struiiglv  alkaline.  Tlie  explana- 
tion, thereioiv.  is.  iliat  in  tlie  pmeess  of  iii,-solviiig  in  water, 
an  artiial  eljeeiical  reaetinn  take.-  place  liv  .-onie  rearraiiL^e- 
nioiil  nf  iIk'  iH.ileeiiles.  or  ^^x.,uy-~  of  iMuIeL-ules.  in  the  solu- 
tion.     Tlie  innii-ation    theory   doe-  noi  aid    at   all,  rather   the 
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reverse.  Ionization  7nay  take  place,  but  a  further  reaction 
must  be  assumed  in  order  to  account  for  the  phenomena 
referred  to,  both  cliemieal  and  pliysioU)gical. 

In  order  to  test  the  effects  of  a  foreio^n  body  upon  the  solute, 
pure  clean  sand  (silica)  was  mixed  with  the  solution,  and  tlie 
radicle  immersed  in  the  mixture.  The  vials  were  of  similar 
proportions  to  those  used  in  the  liquid  tests.  The  actual  net 
volume  of  the  sand  employed  was  from  5  to  8",  and  of  liquid 
3^*^*^  to  f)*^^.  Each  seedling  was  exposed  two  days  to  the  mix- 
ture, and  afterwards  tested  for  furtlier  growth  in  water.  One 
reason  for  exposing  two  days  instead  of  one — whicli  was  done 
with  the  liquid  testes — was  to  make  absolutely  certain  that  what- 
ever deductions  in  regard  to  power  to  resist  the  toxic  reagent, 
should  be  on  tlie  safe  side,  because  some  seedlings  can  endure 
a  solution  for  one  day  when  thev  could  not  for  two  days. 

In  column  A,  under  the  given  concentration,  is  placed  the 
average  number  of  mm.  the  radicle  grew  in  lengtli  during  forty- 
eight  hours;  and  in  column  B  the  average  number  of  mm.  the 
same  seedling  grew  when  immersed  m  water  after  being 
removed  from  the  mixture  (solution  with  sand).  In  one  respect, 
therefore,  the  test  was  a  severer  one  than  when  the  seedlings 
were  immersed  in  the  liquid,  because  they  were  exposed  to  the 
reagent  twice  as  long. 

Il.a,  H2SO4. 

71/256  »/512  /1/IO24 

A     B  A       B  A      B 

Pea 0     0  U       8  6     10 

Lupine 0     0  13     10  13       3 

Corn 3     0  1'2     29  25     15 

III. a,  HCl. 

>./T)12  ,i/1024 

A       r>  A        B 

Pea 0       2  27     10 

Lupine 1       5  24       0 

Corn _.- 29      17  35      15 

IV.a,  H,C()3. 

A     B 
Pea 8     9 

V.a,  CuSO,. 

>i/2048  V./4096  )j/8192  «/16484 

AB  AB  AB  AB 

Pea 2  0  4  3  4   7  28  17 

Lupine 7  0  5  6  10   3  13  14 

Corn 2  0  16  5  23  10  3   4 
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VI.*.  KOH. 

A     B              A  B                A        B 

P«ft 0      0               3  U               IIJ      12 

Lupino 0     0            4  0            U 

Corn ---  0     0          VI  10 

Vll.a,  Naon. 


Pea 0     1)  10 

Lupine 0     o  o      0 

Corn 0    0  II     10 

I'ni.u.  Nii,co,. 


Pea 0    0  0      0  8      5 

Lupine o    o  2      0  8      7 

Corn 0     0  5      0  2e     IX 

1X.»,  N*HOO.. 

n/4  n/H  t./lfl 

A    B  A       6  A       B 

Pea 0     0  0       0  8       9 

'Lupine 0     0  no  G       7 

Corn 0     0  15     11  2       2 

A  coinparisoii  of  data  taken  from  Taljles  II-IX  (tliose  in 
wliicli  i-ai]ietes  were  inuniirscd  iit  limiid)  witli  tliose  talvi^n  from 
Taltlos  Ila-IXa  (fliosti  wlierc  ra<lielt'fi  were  immersed  in  sand 
and  liiiiiid)  may  liel|»  towardrt  a  clearer  notion  of  the   action 

prodiic-cii  hy  a  noii-t^liemical  hody.  In  makinfj;  eomimrio(.>ns, 
tlie  jictual  Miiiss  of  solution  used  was  arraiifiod  so  as  to  liave,  as 
nearly  as  possible,  tlic  same  in  eacli  case,  with  a  view  towards 
elluiinatiiifi  every  element  of  inequality  excepting  tlie  one 
under  eonsiileratiun.  It  proved,  liowever,  that  a  difference  in 
qniuitity.  rari^inir  from  :iA"  to  (!'*',  of  aettial  Hipiid  nsed,  when 
nii.\ed  with  >;uid,  produced  im  rniticcuhle  difference  in  action 
up<.n  the  r;.<li.ic-. 

In  sulutiun,  nf  liCl  ;nid  11  ,S(),. /, '.ll  :^.  all  sc<-dlin;:s  nien- 
tioMwl,  live  with  at  k':i.-t  :i  uf  Iii|uiii.  when  sand  is  prL>cnt ; 
hut  in  h<pii.|  aliun-.  similar  M^cltin-',  mid,-r  similar  cirruiii- 
staneus,  can  scar.'vlv  endiii-e  a  .■nnrcniraliun  of  ;i/:iU48.  or  in  ;i 
ratio  of  4:  I.  This  show,  tiiat  tin- actual  [.IivmcoI  effect  of  the 
sand  was  r.fuivalmr  tr.  a  iicutndi/ihL'  rcactiiui  of  '.i/L'Oi;,"  nor- 
mal :.<a.l  i)i  !■  -f  .,,lulinii.  iK'i'au^c  tlio  scodliiij,'  lived  in  a 
.olntinii  li   5l;>-.    nr   J:>  ■:.'n4>  of    n.uanal  acid    to    I"    of    sohi- 


Dandeno — Relation  of  Mass  Action  to  Toxicity.      451 

tion.  When  in  liquid  alone,  radicles  withstand  barely  3°*^  of 
n/2048*  solution,  or  3/2048"  per  1"  of  normal  acid  ;  therefore 
9/2048  represents  the  physical  effect  of  the  sand  with  the  two 
substances  used.  Tliis  is  about  4: 1,  at  or  near  the  limit  where 
root  tips  jnst  resist  the  acid  and  live. 

Similarly  for  KOIl  and  NaOIl,  with  the  pea  and  the  lupine, 
the  sand  retards  the  action  of  3/2r)f)  of  1"  of  normal  KOII 
near  the  resisting  limit.  For  KOII  and  corn  it  is  3/128  of  l^"" 
normal. 

The  seedlin<>:s  withstood  relatively  a  verv  tJ:reat  concentmtion 
of  CuSO^  when  sand  was  ])resent;  actually  n/M)\)^\  (Table  Ya) 
as  against  not  less  than  /^/32T<)8  without  sand.  This  seems  to 
be  due  again  to  the  presence  of  the  non-chemical  body.  The 
reason  whv  the  toxic  action  is  so  much  reduced  with  this  sub- 
stance  is  probably  because,  as  has  already  been  mentioned,  the 
attractive  force  of  the  sand  is  constant,  and  requires  satisfac- 
tion;  therefore,  in  dihite  solutions,  where  there  is  so  much  less 
of  the  sohite  per  unit  of  volume,  the  seedling  would  be  relieved 
of  a  large  pr()])ortion  of  the  harmful  element.  The  actual 
amount  for  this  solute  would  be  3/409^)  -  3/32708  =  21/32768 
gram-ions  of  copper.  This  hindrance  to  toxic  effect  of  the 
solute  is  probably  also  due  in  some  measure  to  the  retarding 
eflfect  upon  diffusion  caused  by  the  presence  of  the  foreign 
body. 

T^he  suggestion  which  arises  from  this  non-chemical  action 
of  sand .  is  that  soils  may  hold  mechanically  a  portion  of  a  so- 
lute, and  may  never  give  it  up.  It  may  be  forced  to  lil)erate  a 
part  of  it  by  the  application  of  another  solute  which  might,  in 
part,  satisfy  the  attractive  force  exerted  by  the  particles  of  soil. 
This  may  also  account  for  the  fact  that  a  chemical  analysis  is 
not  always  a  final  argument  as  to  the  fertility  of  soil.  For 
iustance,  suppose  KXOg  were  applied  in  a  certani  quantity  to 
a  pure  sand,  and  plants  be  allowed  to  grow  for  a  time  in  this, 
it  would  be  found  that  the  plants  had  been  unable  to  extract 
all  the  KNO, ;  but  if  another  substance,  say  Ca^NOg^,  be  then 
applied,  the  amount  of  KNOg  available  might  be  increased, 
though  no  chemical  action  take  place.  It  is  probably  thus  with 
the  whole  subject  of  fertilizers.  A  substance  may  often  liber- 
ate an  important  clement  by  taking  its  ])lace  mechanically  in 
the  soil,  though  the  substance  which  had  been  applied  have 
itself  no  fertilizing  value.  The  writer  is  aware  that  many  con- 
sider a  chemical  analysis  of  soil  a  definite  basis  for  a  liquid 
nutrient  solution,  aiul  vice  versa,  Cameron.  (Bui.  22,  U.  S. 
Dep.  Ag.,  p.  15),  quoting  Johnson,  states:  ''  The  analysis  of  the 
well  water  shows  that  a  nutritive  solution  need   not  contain 

*  Slight  exceptions  to  this  may  be  noticed  as  shown  in  Table  IT,  but  cal- 
culations are  made  only  from  the  most  certain  limits. 


^ 
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the  food  of  plantH  in  (greater  i>ropcirtion  than  occurs  in  the 
aiiiiooiiB  extract  of  oniinary  soil."  ThJB  is  probably  tlie  reverse 
oi  tlio  actual  (roii<]itiou,  bu4-MiiKi%  lis  lias  alrt^adv  been  jxiinted 
out,  the  soil  particles  liave  a  pliyxicai  attraction  to  b(«  eatistied. 

The  question  of  selectivo  power  of  plants  ie  a  vague  one. 
It  is  probably  more  a  name  than  a  fact.  The  soil  selects  ne 
well  an  the  plant. 

So  far  AH  thia  phyaiolojiical  proMein  ia  concei'ne<l,  it  ^cetne 
that  the  theory  of  eleetrolytic  dissociation  is  insufficient.  Cer- 
tainly no  supjHirt  to  the  theory  comes  from  the  physiolofrical 
Kido.  Acetic  acid,  «odic  carbonate,  sodie  bictirlxmate  and  car- 
bonic acid  exhibit  phenomena  quite  in  opposition  to  it.  Con- 
clnaions  have  been  published  whicli,  from  the  data,  seem  to  be 
cntjrely  nnwarranted.  Camei-on  virtnally  points  this  out.  say- 
ing :  "The  necessity  of  sueh  a^umptiou  would  seem  to  abso- 
lutely invalidate  the  use  of  sueh  organisms  and  criteria  for  the 
testing  of  the  dissociation  hypotbesis  in  any  quantitative  way." 
On  the  other  hand,  in  Jones'  '  Theory  of  Electrical  Dissociation,' 
p.  372,  is  stated  :  "  The  theory  of  electrolytic  dieaociation  has 
thus  thrown  light  upon  the  physiological  action  of  different 
snbfitanceB,  and  the  theory  has  itself  been  strengtlieiied  by 
these  experiments  upon  living  tilings,"  Kow  the  experiments 
recorded  in  this  paper  show  that  the  theory  throwe  no  light 

>on  aneh  nhyaiological  problems,  rather  the  rovetBe,  it  any- 
A  rurthcr  ^notation  will  show  that  Jones  did  not 
exmiiiTie  the  iiiattiT  iis  nirL-fully  n.^  rjiight  be  expected,  in  cun- 
sideratioii  of  the  fact  that  he  was  c()in]iiitng  a  text-book.  He 
states,  p.  271,  referrinjj  to  tJic  work  done  l>y  Hcaki :  The  Cii 
ion  is  about  a^  toxic  jis  the  hvdn.^en  iini,''')iud  on  jiagc'  -JTH: 
"  In  tlie  cast?  of  sti-ouir  \\v\'U  the  mot  would  just  live  in  a  solu- 
tion which  eontiiiiifii  a  gnini  loolwoliir  weight  .if  the  acid  in 
ti4n(i  liter.-,'"  iiiid  fuitlier  on  :  "  The  roots  would  just  survive  in 
;i  solntinn  wliich  I'lmtiiiued  ii  gram  nioleeuliir  weight  of  e<'ppi;r 
i.iiis  in  :)li;iMi  liter.-."  It  should  be  remeniliered  that  tlioso 
i|uot.iti..ii>  fnuii  Jniics  lire  taken  from  a  recent  text-hook.  A 
^rlaiiiv  at  tliein  will  rouvTuce  one  that  little,  if  any,  eare  has 

terini-tati.m  <^i  Ik-ald  lor  whieh  Il.'i.ld  i>  in'  no  wav  rcspun>ibli\ 
ill  til.'  liM  plan-,  rlier.'  is  ii.i  i-viileiiw  from  the  pliVMnln^'- 
i<-al  >i.k-  f,.r  till'  flic.rv  ..f  elccfr..|yrii-  ilis>.i<-iatioii.  and  in  tiit- 
^fciiTid  ]i|a(-c,  retVrcnci'-  liuv  <■  liei-n  Miade  "ver  and  ovor  aL'Siiii 
Iti  tile  I'arlier  iiivi-ti::iiiiiiii-.  witli  im  sure  foundation.      When 

tlie-c  creep  iiitu  leM-l k-,  it  i^  ~ii|>|.n>ed  thev  arc  considered 

t..  he  e-tabli-jicd  la.-t-.  .-uid.  t  liMvlnre.  all  (lie  tm.re  need  to  call 
arreiitinii  t,,  them. 

.\ii   illu.tivni.m  mA^  >1imu-  tlie  nii>takeu  notion  followloir  the 


upon  at 

thing. 
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physiological  phenomena.  Heald  (1.  e.,  p.  136)  states :  "  Now 
the  carbonic  acid  in  aqueous  solutions  will  dissociate  to  form 
H  ions  and  CO,  ions."  This  is  of  course  quite  probably  not 
correct.  He  states  further,  p.  13Y :  "  More  experiments  are 
necessary  to  prove  conclusively  the  fact  that  CO,  poisoning  is 
due  to  the  effect  of  the  ionic  II,  and  as  soon  as  possible  experi- 
ments with  that  view  will  be  carried  out."  From  this  latter 
quotation  it  is  quite  clear  the  author  had  no  experimental  evi- 
dence in  regard  to  H,CO„  yet  in  the  same  connection  he 
asserts  it  as  a  fact  that  it  dissociates  into  H  ions  and  CO,  ions. 
If  the  toxic  action  be  due  to  the  II  ions, — assuming  his  pre- 
diction of  the  substance  to  be  warranted — it  should  be  as  toxic 
as  HjSO^.  But  it  is  only  about  one-iiftieth  as  toxic  as  H,SO^. 
This  is  an  illustration  of  prediction  based  on  the  theory  of  dis- 
sociation without  basis  in  fact.  The  author  just  referred  to 
is  not  alone  in  this  respect ;  and  the  whole  tendency,  the  whole 
spirit  of  the  paper,  as  well  as  those  of  some  others,  seems  to 
assume  the  theory  of  electrolytic  dissociation  is  trne^  and  see 
if  physiological  action  Jits  in;  and  where  it  does  not,  as  in 
acetic  acid,  ^naJce  it  fit  hy  assignhig  function  to  th^  whole 
molecule, 

A  cursory  glance  at  the  situation  might  lead  one  to  suppose 
that  the  apparent  uniformity  of  toxic  action  of  certain  sub- 
stances, e.  g.,  IlCl  and  II,SO^,  did  show  a  sort  of  harmony 
with  dissociation.  However,  a  careful  examination  of  this 
reveals  the  fact  that  it  is  quite  to  be  expected  that  these  sub- 
stances would  act  thus,  for  the  simple  reason  that  they  are 
chemically  efpiivalent  as  a  basis  of  operation.  It  is  not  to  be 
wondered  at,  therefore,  that  there  is  such  harmtmy.  It  could 
scarcely  be  otherwise :  and  so  on  along  the  whole  line,  whether 
dissociation  occurs  or  not.  The  only  fair  conclusion  seems  to 
be  that  the  toxic  action  is  a  chemical  action,  because  all  con- 
centrations made  u.so  of  are  chemical  eqinvalents,  Jones,  p. 
268,  states  :  "  It  had  been  tliought  that  the  physiological  action 
of  any  substance  was  due  to  its  chemical  nature."  Kahlen- 
berg  and  True,  p.  85,  state  :  "  It  has  always  been  taken  as  axio- 
matic that  the  physiological  action  of  any  substance  is  due  to 
its  chemical  character."  Notwithstanding  these  statements, 
from  the  experiments  re(».orded  in  this  paper,  it  should  he  still 
so  considered.  There  seems  no  doubt  whatever  that  the  ]>hysi- 
ological  action  is  due  to  the  chemical  properties  of  the  solute. 
Though  the  writers  just  mentioned  do  not  attempt  to  explain 
what  the  nature  of  the  action  may  be,  they  lead  one  to  infer 
that  it  is  due  to  some  subtle  action  of  a  physical  nature,  involv- 
ing, it  may  be,  a  charge  of  electricity  with  which  the  ion  is 
thought  to  be  loaded. 

DissociatioB  under  ordinary  circumstances  may  not  take 


^ 
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place  at  all.  The  only  reliable  text  to  tbe  matter  is  tlic  eon- 
auction  of  eltwtrioitv.  Hut  tim  very  test  uiay  netiially  hrimj 
ahoiU  dissnojation,  instead  of  merely  showing  that  it  already 
exieta  in  the  soliitioii.  Moreover,  the  theory  of  tlic  caobe  of 
OBtnotic  action  <)oi«  not  throw  lii;ht  Tipon  tjie  matter,  &e  iiotiti; 
the  results  of  Morse  and  Frazer*  on  en^r  Bolntion — a  noii- 
eleeti-olyte.  They  ohtain  a  preemire  of  about  3a  atmoepherea, 
where,  according  to  the  theory  of  dissociation,  it  ought  to  he 
but  22'*t.  The  liij^h  vapor  deiisities  of  certain  £uliHtnn<^'4-s  and 
the  lowmiig  of  the  froezin((  point  of  iwlutions  may  be  explained 
on  other  trroimds  ui>i«i  whicli  it  is  not  necessary  to  enter  here. 

Tho  toxicity  of  compound  ions, — tliose  whieii  arc  eouipjsod 
of  nioi-o  than  one  element, — has  been  discussed  by  OUrlt  and 
by  Kaldenberfj  and  True,  bnt  with  diverse  results.  Clark  con- 
eluded  ftoniewliat  generally  that  a  uonipound  ion  wae  more 
toxic  than  a  niniplu  ion.  Thu  uxpurinients  of  Kaldenberg  and 
True  tend  one  to  tho  conclusion  tliat  the  i-omponnd  ion  is  muoh 
IrKu  toxic.  Tliev  state,  referrinp:  to  anch  compounds  a»  H.PO,. 
that  tho  acid  dissociates  into  H  and  U,PO.,  and  the  acid  H, 
PO,  is  eninally  toxic  with  HCl.  This  shows  that  they  consider 
the  H,PO,  ion  as  practically  uou-toxic,  or  slightly  so,  Thej 
state  further,  referring  to  potassium  silver  cyanide,  that  the 
comples  ion  Ag  (ON),  is  far  less  poisonous  than  the  Ag  ion 
alone.  They  saj  also  that  fernc  ions  are  much  more  poisonotin 
than  are  the  complex  ions  containing  ferric  iron.  Clark,  on  the 
other  hand,  reasoning  nUu  iippareiilly  fn.iu  the  theory  of  di>- 
soeiation.  referring  to  II, SO,  .states  that  the  ion  HSO,  i?  l-;l 
times  as  toxic  as  ll,  and  that  the  whole  niuleeulc  (HN<J,)  is  7 
or  8  times  as  toxic  as  the  simple  ion  11. 

Uo  attempt  is  here  made  to  i-econeile  these  statements,  for  it 
is  inij>ossil>le  to  do  so.  But  it  sliows  quite  clearly  that  it  is  aU.> 
imiKKssible  to  reconcile  the  theory  of  dissociation  with  experi- 
mental evidence.  It  shows  further,  that  cine  can  not  predict 
jnat  what  will  he  the  phvsiologioal  result  if  the  basis  for  pre- 
diction be  laid  upon  the  theory  of  dissociation. 

Anotlicr  ilhiJ^tratiiitL  of  the  danger  in  attempting  to  haniionizi' 
the  tlieorv  .if  diss.iciiitioii  wltJi  phvsiological  |)licninnena,  i> 
fiirnishciriiv  a  .■ninparison  of  ti.xic  ilrtiun  between  \a,S().  ami 
NaCI.  (■iiiuen.n  place-  the  t"\ic  Ihiiit  .if  flic  former  at :'.);  iMO. 
un.l  TniL-  i>]^ice>  rJiat  ..f  NiiCI  at  /</lil.+  Now.  accor.linir  !■•  H^^' 
thcnrv  ot  .iissuciafinn  (a,-  diM-n-M-d   hv  Kalilcnberg  and  Tni.-i. 
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ing  Cameron's  figures,  there  is  still  a  wide  difference  between 
these  two  salts  with  a  common  kation.  But  it  might  be  argued 
that  the  anion  may  cause  the  difference.  Let  us  assume  it 
does.  Then,  in  the  case  of  H,SO^  and  HCl  we  have  a  common 
kation  again,  with  each  of  the  two  anions  before  mentioned. 
A  comparison  of  tliese  ought  to  show  II,S()^  more  toxic  than 
HCl.  But  all  experiments  prove  rather  the  reverse.  HCl  is 
slightly  more  toxic  (see  Tables  X,  XI,  I,  II.)  Even  assuming 
Kanlenberg  and  True's  own  figures  for  these  substances,  we 
find  no  greater  toxic  action  for  H,SO^.  Considering  the  com- 
parison between  JfaCl  and  Na,SO^  we  should  exj>ect  to  find 
it  decidedly  more  toxic. 

XX. 


Liquid  aud 

2 

Liquid  test. 

Sand  test. 

1 

3 

4 

5 

G 

H,SO, 

pea 

2048 

2i 

16382 

612 

(( 

lupine 

2048 

5 

8192 

512 

(i 

corn 

1024 

1 

8102 

512 

HCl 

pea 

2048 

2h 

16384 

512 

it 

lupine 

2048 

H 

16384 

512 

ti 

corn 

1024 

1 

8192 

512 

n.co. 

pea 

343 

20 

513 

171* 

CuSO, 

pea 

32768 

H 

262144 

4096 

it 

lupine 

32T08 

5 

65536 

4096 

« 

corn 

131072 

1 

5^4288 

4096 

KOH 

pea 

256 

4 

512 

128 

(( 

lupine 

128 

4 

256 

128 

« 

corn 

64 

1 

128 

64 

NaOH 

pea 

128 

3 

256 

128 

i( 

lupine 

64 

1 

128 

128 

(C 

corn 

64 

2i 

128 

64 

Na,CO, 

pea 

256 

12 

512 

32 

t( 

lupine 

128 

8 

256 

32 

U 

corn 

64 

12 

256 

32 

NaHCO, 

pea 

16 

3 

128 

J6 

ii 

lupine 

16 

20 

32 

16 

U 

corn 

8 

1 

16 

8 

•n/171  was  the  highest  concentration  we  were  able  to  obtain,  and  both  the 
lupine  and  the  corn  withstood  this  readily  in  a  quantity  of  25'  ^  and  ui)ward8. 

In  Table  XX  is  a  recapitulation  showing  the  quantities  of 
solution  and  the  concentration  which  the  seedlings  just  endured. 
A  comparison  is  also  made  between  the  liquid  test  and  the 
Band  test.  In  columns  3,  5  and  6  is  given  only  the  denominator 
of  the  fraction  whose  numerator  is  ?i.  In  column  4  is  recorded 
the  number  of  cubic  centimeters  in  which  tlie  radicles  just 
lived,  and  in  column  5  is  given  the  highest  concentration  the 
Beedlings  conld  withstand  in  a  quantity  of  25^  or  upwards. 


1 
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It  should  be  remembered  always  that  the  test  applied  to  docido 
life  vis&fivriher  grtnsi/t  in  wattir  after  the  seedling  was  taken 
from  the  test  eohition.  Oolnnm  4  gives  the  iiiimbur  of  cc.  in 
whitth  the  radicle  jnst  lived  at  the  concentration  opposit'U  in 
coluDin  3.  Ill  column  tt  is  given  the  concentration  the  seed- 
lings would  endure  whou  sand  was  present ;  the  (iinount  of  solu- 
tion to  each  i-adicle  was  3^  to  fl%  and  tlie  amount  of  sand  about 
5  to  8«. 

A  comparison  between  columns  S  and  5  in  Table  XXshows 
the  variation  due  to  qwmtit;/  of  solution.  (It  ought  to  Im; 
meutionod  that  when  the  experiments  were  arranged,  tho 
liquid  used  in  all  the  vials  of  different  size  was  taken  from 
the  same  preparation,  so  that  practically  every  element  which 
might  affect  results  was  eliininatod.)  It  may  be  seen  further 
that  a  comparison  of  these  results  with  those  of  Heald  show« 
some  difference  of  fignree.  No  attempt  is  here  made  to  recon- 
cile tliesf  differences  because  a  general  actual  toxic  limit  is  not 
possible  to  obtain. 

Column  6  shows  clearly  that  the  presence  of  sand  affects  the 
characters  of  the  solution  in  regard  to  toxicity.  In  dilute  solu- 
tions it  reduces  it  enormously;  in  strong  solutions  not  nearly 
so  much.  Though  the  figures  opposite  NaHCO,  arc  cloet;,  yi*t 
if  working  with  more  closely  graded  quantities  and  concentra- 
tions slightly  different  results  from  those  given  might  Iw 
expected. 

Til.'  i-i-nMum  <.r  -,.il-,  v\:u^{\uM  from  this  point  nf  viViv, 
presents  fi  very  conipliciiled  qiiestiiui,  from  the  fact  that  sev- 
eral .-^ubstancL'S  outer  into  the  composition  of  soil  water.  It  i- 
then  ii  i>ruiileii)  of  peninitntioiis  anil  eoniliinations  of  (ii-l-li 
sub^tillH■es.  iiiiikidfi  factorial  n  cases  fur  each  combination. 
AthI,  since  the  amount  i.f  eaeli  may  vary  fn.m  an  insi^'oitieanlly 
small  to  a  [jredominatini;  <|iianli'tv,  tlic  number  of  "problem's 
fronr  this  side  is  at  once  enui-mnii.^;  arid  if  t!ie  theory  of  dis- 
fueiarion  l)e  iidmitied  into  the  proposiiion,  the  problem  i.-  still 
nicjie  cMinplieated.  'I'liere  is  then  the  p<.>.-ihiiity  of  ion  effect, 
coupled  with  elccfrical  forces,  anirmcnteil  or  neutralized  bv 
the  iM-e-eiiee  of  a  number  nf  <liiT,.rent  ions. 

In  ur.ler  m  leani  HMHetliiuL'  "f  the  dilTercnces  in  offer! 
l.et«r,(i  tineaiKl  c-narsc  .-and. -ubitioiis  of  ( 'nSI ),.  » /M;«L>.  11(1, 
/.    :.li'.  II.SO..^'    M-J  were  cumpar-'d  with  the  foll.nviii-  re..ull>: 
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with  heavy  katioDB ;  whereas  with  stronger  solutions  and  lighter 
kations,  the  centers  of  mass  attraction  being  fewer,  and  the 
force  consequently  greater,  the  result  might  be  that  more  light 
kations  would  l>e  held  by  a  mere  force  of  attraction. 

Two  forces  seem  to  be  exerted,  one  by  virtue  of  the  surface 
exposed  (surface  tension  so-called),  and  the  other  by  virtue  of 
the  mass  (gravitation).  When  the  former  encounters  a  substance 
which  is  attracted  more  by  surface  tension  than  it  is  by  the 
mass,  then  the  fine  grains  will  exert  a  predominating  influence 
upon  the  solute.  When  the  latter  encounters  a  substance 
wnich  is  more  affected  by  mass  than  by  surface  tension,  then 
the  coarse  grains  will  exert  a  predominating  influence.  At  all 
events,  we  have  the  facts  derived  from  the  experiments,  and  it 
seems  but  fair  to  borrow  explanations  from  the  physics  side  of 
the  question. 

In  the  case  of  corn  seedlings,  an  aquatic  fungus  frequently 
developed  if  the  plants  remained  in  the  liquid  for  a  few  days. 
The  tendenc}'  to  curl  has  also  been  pointed  out. 

An  investigation  into  the  cause  of  the  fungus  growth  showed 
that,  near  the  root  tip,  some  organic  substance  exuded  from 
the  plant.  Tliis  sul)stance  contained  some  organic  matter 
which  acted,  on  heating,  like  sugar.  When  evaporated  on  a 
clean  cover-glass,  a  syrup-like  substance  remained.  For  a  fur- 
ther test,  seedlings  were  allowed  to  send  out  aerial  roots  in  a 
moist  chamber  under  a  bell- jar,  and  the  root  tips  were  then 
cut  away  at  a  point  about  2"""  from  tlie  aj)ex.  In  three  hours 
a  drop  of  clear  liquid,  about  2"""  in  diameter,  appeared  at  the 
cut  end  of  the  root.  This  drop,  upon  examination,  proved  to 
contain  a  large  proportion  of  organic  matter  of  a  sugary  nature, 
and  a  small  quantity  of  ash  of  an  alkaline  reaction. 

There  is  no  doubt  that  this  substance  forms  a  nutritive 
material  for  fungi.  Xor  is  it  confined  to  the  root  tip,  but  may 
be  found  20"'"  or  more  from  the  tip.  This  was  (piite  apparent 
in  the  sand  cultures.  Upon  taking  the  corn  seedlings  from 
the  culture  media,  whether  sand  or  liquid,  if  the  plant  had  not 
been  killed,  the  liciuid  adhering  to  the  tips  and  elsewhere  was 
of  a  "glairy "  consistency,  slightly  like  white  of  egg,  or  like 
syrup. 

Tne  suggestion  is  here  offered  that  the  reason  corn  is  enabled 
to  withstand  stronger  solutions  of  acids  and  l)ases  than  some 
other  seedlings,  is  in  consequence  of  this  secretion.  Just  what 
function  this  might  serve  is  not  known.  At  all  events,  a  great 
loss  to  the  plant,  of  organic  food,  may  be  suffered,  if  in  cultiva- 
tion the  root-ends  be  bruised  or  broken. 

In  regard  to  the  curling  of  the  roots,  it  may  be  said  that 
chemotropism  has  something  to  do  with  it,  but  just  why  it 
turns  this  way  or  that,  in  a  solution  where  the  forces  are  equally 
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distributed  on  nil  sideit,  ii  not  eney  to  ^y.  Such  a  curling 
ie  often  st>eti  in  the  radicles  of  corn  seedlings  grown  in  water 
or  in  the  ordinar_v  water-culture  media.  Cameron  (1.  c.)  geta 
over  the  difficulty  by  saying;  '"They  tended  to  curl  u|)  in  an 
ftppiii'Cnt  effort  to  lenve  the  solution,  seeking  a  more  congenial 
environment."  Tliis  ia  asiii^niug  to  plants  a  will-power  we 
were  not  aware  they  poesesaed. 


i 

n  in 


Quantity  of  solution   has   au    important  l>earint;   upon 
jwwer  to  affwt  the  radicle ;  and  rate  of  diffusion  pmves  hIbo  to 
i)e  of  some  significance. 

Non-ehemical*  bodies  retard  very  materially  the  activity  of 
the  solute  in  briiigiti^r  about  death  to  the  radicle.  In  some 
instances  the  toxic  effect  was  reducwi  32  times  by  the  mere 
presence  of  pure  sand.  The  mere  presence  of  the  walls  of  the 
glass  veseol  has  a  [wrctptible  effect  in  holding  a  sub-stance 
mechanically;  and  Ilic  shape  of  the  vessel  is  also  not  without 
some  effect. 

The  action  of  the  solute  upon  the  radicle  is  very  probably  a 
chemical  one. 

There  is  no  eupport  to  the  theory  of  electrolytic  di*6i>ciatiou 
from  the  phyaioloffioal  aide.  In  fact,  oertaiu  snbstanccH  pre- 
sent pberiitmona  wnlch  iadiestfl  opposition  to  it, 

Buti.  tlu>  carbonate  and  tbi'  l.ic;irl",.i;in,  if  ihoy  ili>sn,.iau- 
at  all,  ilu  t^u  in  f^uch  a  manner  as  to  result  in  u  clieniicid  action 
uptiii  the  water,  forniini;  a  iiy<lro\idc  us  <t\\v  of  the  products. 

Carbonic  acid  iii  of  oxtrenicly  li>w  toxic  power,  killinij  the 
niilicle  of  the  pea  at  ii/'.\\'l,  bnt  imt  tlic  corn  nor  the  lupine  at 
any  concentration  which  it  was  possible  to  obtain  (/i/lTli. 

Agrit^ultuval  ColleK<'t  Uii^liiKan. 

•  Afler  this  |jn))*r  wns  written,  sin  alwtract  ot  a  paper  by  Trae  luic]  Oglpvt* 
Ix^arin);,  in  pari,  i>u  a  Himilar  liue  of  iliv^Htigatiou,  appeared  in  Science 
Mar.  II,  lUlU,  p.  421. 
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Abt.    XLIII. — Tourmaline  from  San,  Diego   County,  Cali- 
fornia ;  hy  DouGi-As  ii.  yTERRKTT,   (With  Plate  XXlV.) 

Thk  tourQialiiitj  cnstnls  to  be  dcspribcd  in  tliis  article  are 
from  DRniaron's  liaiic-li,  fuiir  milL-s  iiortliwfst  nt  Mesa  (rnuitle, 
San  Diego  Oomitv,  Cnlifuniia,  A  repn,wiitative  eolk-ctioii  of 
over  oiiehiiiKire*!  ami  sixty  s]ifciiiieii8  jrtveii  to  Prof.  Penficld 
by  Mr.  Ernest  St-licniikt.w  of  New  Verk,  ami  deposited  in  tlie 
Brush  collection  of  tbe  SliclliL'lii  Scioritific  S(-liool,  was  nsed 
for  most  of  tliti  iiive.sti(^atioii ;  wlii(rli  is  here  (hrectud  i-liietly 
toward  the  study  of  ci-ystal  form.  Additional  notes  were  ob- 
tained fn>ni  ft  brief  examination  of  tiic  collection  on  exhibition 


at.  the  Natural  Historv  Muscnni,  \ew  York,  loaned  by  Mr. 
Scheniikow,  and  from  the  choicest  cryefaU  in  Mr.  Schernikow's 
poeseflBion.  The  crystals  have  evidently  come  from  a  jici^niatite 
vein,  as  tliey  are  often  associated  with  large  <jiiartz  and  feldspar 
cryetals  and  biincltes  of  lopidolite  iiiiea.  Tiiev  far  ^iirpa^s  the 
crjstals  of  Pari»  and  atljohiing  loc^litici^  in  Maine  in  perfec- 
tion of  crystallization,  and  those  of  Iladdam  Neck,  both  in 
size  and  crTatallizatiou.  It  is  also  probable  that  no  other 
locality  prodacea  stones  with  more  varied  and  beautiful  eolora. 
AH.  JaoB.  SoL-tViDBTB  Series,  Vol.  XVII,  Kd.  103.— Jure,  1M4. 
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Maiiy  crjetals  are  of  ((ein  quality,  and  aceoniiii|{  to  "The 
Miuoral  Indnstry,"*  i?15,000  wortli  of  geme  were  prothiccd 
from  tliiB  locality  during  tliu  year  1901,  and  Mr,  Sefifniikow 
Iilftces  tlie  value  for  IflOS  lietweeti  *40,0(I0  and  $50.0fM>. 

The  nnmher  of  forma  found  on  the  crystals  ie  not  ereat  and 
only  thoflo  Komuion  to  tournmlinB  have  been  observed,  a  list  of 
which  U  given  iu  the  atieoiupanyiiig  tublc  and  ehown  in  steroo- 
graphic  projection  in  fig.  1.  h 


a  (llSO) 
m  (lOlo) 
r»,(Ol!0) 
<7  (1230) 
k  (u5o) 


Upiwr  end. 
c  (OliDl) 
r  (loln 
o  (0-JSI) 

(  (ai3i) 

X  (1232) 


Lower  end. 
/  (OOllI) 
/{Oil  I) 
,■  (I0l2) 


The  forms  o-  and  h  could  not  be  accurately 
determined,  for  the  priBm  faces  of  the  erys- 
tal  on  wliich  thev  were  measured  were  badly 
Btriatcd.  KeflectionB  were  obtained  from  thin 
glass  strips  glued  on  these  faces,  and  gave 
results  approximating  to  the  above  symbols. 
The  character  of  the  other  crystals  measured 
was  such  as  to  permit  very  satisfactory  deter- 
miuatiaDS  of  ttie  ionaa..enumeFated,  but  it 
has  not  seemed  necessary  to  publish  a  list  (if 
the  !iiigk>fi  iiieiusiired, 

AltJmiigli  owins  to  tlio  lieiiiiniorpliio  cliar- 
m-Wv  nf  tniiniKiliiie.   tin-  tlirt-.w  f.i<'i.>  ab 


■  vy' 


id  : 


iL-llv 


■druTi.  it  will  W 
\cnifiit  to  refei'  to  tliir^  and  similar  fornix  a^ 
rlioiLibohedrons,  and  for  like  reason  to  call 
the  t  and  j-  faces  scalenobedrons. 

All  of  the  tipures  drawn  in  clinograiildc 
,.nM\.rti„„  li»vc  tl,o  »„lil„K„„s  ™,1  „,,,  I.  e., 

tll«t    |...lf  «-llii/ll  .11 lilii;  i,  |.„ilis,.|v  „|,.i.- 

trilk.,1.  niid  wliiii  l.-l..,l  l.v  till'  li.iinlt  ii"ietl..,l 
„lln„.l.,iil|,linr.  Tin-  cm -Im!,- .,11  f,.|l,„v  .I,,.- 
)r,-)iiT,l   rail',   iliai   ilif  I'lid    Willi   tho  5tuci«r 


'   lunilii 


-  I'" 


til.' 


iiriiiMiitl  <H\ 
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termination  when  present  is  made  tip  of  c',  r'  &nd  e'  vftriously 
developed.  The  crystuls  show  considerable  variation  in  length ; 
as  a  rule  they  are  slender  and  the  prisms  are  f!;enerally  striated. 
No.  2  of  tbe  plate  lias  been  broken  at  the  lon'er  end  and  does 
not  show  its  full  length ;  while  No,  3  and  iig.  2  represent 
doubly  terminated  crystals.  The  colors  are  transparent  pink 
or  green  throughout,  or  combinations  of  pink  above  and  green 
below. 


A  second  type  is  represented  by  figs,  'i,  +  and  5,  which  are 
eapecially  intereuting  because  of  the  developiuent  of  the  sealeuo- 
h^ron  t,  and  on  some  crystals  a  second  scalcnoliodron  j-  shows 
alight  development.  Ttie  lower  tcrniinatiun  when  present 
generally  consists  of  the  basal  plane  and  subordinate  i-\  as 
shown  in  tig.  3.  Most  of  the  crystalsi  arc  pink  or  raso  color 
throughout ;  some  are  dark  enough  tu  l>c  classed  as  rnliellite ; 
occasionally  they  are  light  green  at  the  lower  end.  Some  of 
the  finest  pink  getns  are  cut  from  crystals  of  this  typ(.^ 

It  is  very  unusual  tu  have  tunrmaline  crystals  terminatu<l  as 
hi  fig.  5  by  a  largcdevelopmcnt  of  a  scaleuohedron.  Tbe  brown 
toannaline  from  Gonverneur,  N,  V.,  shows  a  similar  develop- 


■"^ 


462     Sten-ett—Timrmiilltif from  Sun  iJinjo  Comity,  Ca 


ment,  t>at  the  ^cnluiioliedruii  in  a  ^teupur  uiie,  ^'(S^ril),  and 
fig,  fi  is  here  introdiipod  for  cotitpiiritifiii. 

Tin?  foKturos  of  a  tliiril  type  are  tiie  ntniiiier  of  jiriMii  forms 
Riid  two  lift««H,  gitiiumlly  well  ilevt'loptMi,  with  eulionliimtu 
rboinhtihe<li-oi)H  o,  r'  ami  e\  as  sIkiwd  iii  fip.  T.  Tlio  cryhtalf 
art',  (la  h  nile  largo  ;  7""  high  ami  S™  tliick  not  htiiiij?  uin--oni- 
iKuii,  niB  dovolupuiQCt  of  the  rhombohedronii  o  ami  r'  soiiic- 
tiineH  vfiric",  with  a  coUKfyiiciit  variation  of  the  l))i*D ;  this  foniii' 
a  connecting  link  with  the  lirsl  lyyiv.'.  forsomc  crystals  have 
oulv  a  §uialf  haiiD  with  larye  "  faces ;  if  c  werti  to  fail  oiitirclv. 
t.hi-'..-ry*tnl  Tuipht  l>f  vonsitliTed  of  the  first  type. 


I 


FHi.   fi,      liinwii   l.i„noiiliin-  fr..m 
r;,niv,.riieiir,  N.  Y  ,  with  sr,ilwi„li..ilral 


.,1  :,  ,|ii„litf  ini-iir|.i..,.,|  In  l.,i,r line-  fn,„,  „ili>-r  1 ii- 

A-    -111    ^^alll|.|r.    n    .l.».Ti|.riMl,  .,f   ,,ii,.  nf   tli.-  iiii,m.t,.ii. 
I-   ill    Mr  S,.|i,.rait,™-,  .■.,ll.,-ii,,n    „ill  Mii.wir.      11,-ii,. 

lUlll    llir    Inn.T  rlld   lIl.Ti'  i-  n    laVlT  ,.f    lilK-  iriv™  :    al..,,. 

I,li,i-li  -r,,ii    la.lJii,;    int..  li^lil  !■...,■  ,-„l„r  ;  tl.m  M-n-t-iv™ 

iL-iiii"- 1.-   l>ro„i,  ,„■  l.n.uiii-li  uiv,.,,:  ,.ii   tlii«  ,•„„„..  a 

I    'l:"k    I i,  air-ai-h,^-  -.irl.-l  l.v   rvll,.,.!,-,!  liL-lil.      All  ..1 

,-..l.r..  will,  ilir  ,Mr|,ii,.i,  ,,!  .!„■  -iiM.kv  Lnni'ii.  aiv  Inui- 
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Earent  and  clear.  One  crystal  has  a  lilac-colored  band,  formed 
y  the  blending  of  pale  blue  and  pink  layers. 
Crystals  of  a  fourth  type  are  often  short 
and  stout,  terminated  by  basal  planes  aiid 
rhombohedrons.  The  prism  zone  is  made  up 
of  deeply  striated  faces;  or  more  properly 
8|)eaking,  layers  of  small  crystiils.  The  termi- 
nations consist  of  the  bases  and  rhombohe- 
drons, o^  )\  r\  and  e' ,  The  termination  at 
the  antilogous  pole  more  often  fails,  and  is 
generally  rough  an<l  much  corroded.  Fig.  8 
is  a  basal  projection  ot  the  analogous  ])ole 
of  a  distorted  crystal  of  this  tvpe.  These  crystals  commonly 
nave  a  pink  or  white  mi<hlle  and  green  layers  or  cap  at 
the  ends.  The  corroded  end  is  a  dark  semi-transparent  green ; 
•  while  the  other  is  transparent  grass-  or  pale  apple-green.  One 
crystal  has  a  cap  of  pale  sul])liur-yellow  color.  Other  excep- 
tions are  white-crvstals,  faintly  tinted  with  pink  and  contain- 
ing  perfectly  colorless  portions. 

Crystals  of  a  fifth  ty])e  have  a  black  exterior  or  shell ;  gen- 
erally less  than  a  millimeter  thick.  Within  there  is  a  core  of 
light  colored  material,  green,  jnnk  or  whitish.  When  the  termi- 
nations are  ])resent,  they  are  found  to  be  r^  o  and  /•  above  with 
c'  and  r'  below. 


9 


11 


All  of  the  crystals  with  an  olive-  or  pistache-green  color  are 
inclnded  in  a  sixth  type.  Some  are  slcMider,  as  Xo.  I  of  the 
plate;  these  are  olive-green  pav<^sing  int(»  brownish  green  at  the 
upiKjr  end.  Others  vary  up  to  5*^"*  in  thickness  and  often  have 
a  silky  luster  with  ])istaclie-green  color.  The  upper  termina- 
tion of  o  and  /*  sometimes  appears,  though  the  ends  are  gen- 
erally etched  and  corroded.  Crystals  of  all  sizes,  from  that  of 
a  needle  up,  are  found  penetrating  large  crystals  of  (quartz  and 
feldspar. 

Figures  9,  10  and  11  are  end  views  of  crystals  so  distorted 
as  to  oe  difficult  to  put  under  any  special  types.  In  lig.  9  the 
directions  of  the  prism  faces  are  not  preserved  on  the  crystal, 
8o  the  outline  was  drawn  as  nearly  as  possible  like  the  original. 
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Fif;.  10  is  the  s&me  as  No.  9  of  tlie  plate  and  h  a  iloubly  tenni- 
iiftted  crydtal,  tlw  dotted  liiie  representing  the  development  of 
one  of  the  lower  rhombohedral  faces.  Tlie  crvstal  shown  in 
fig.  11  was  loaned  hy  Mr,  Schernilcow  for  examination  and  is 
miuftual  owing  to  tlie  development  of  x  and  t  modified  hy  the 
presence  of  aii  d  face.  One  i  face  (on  tbe  upper  ripht  hand 
§ide)  is  divided  into  two  parts  by  a  deep  striation.  Fig.  12  is 
ail  end  and  bide  view  of  a  section  cut  from  the  lower  end  of  a 
iwle  pink  crystal  with  green  cap.  A  natural  liasal  plane  c' 
Tomis  one  surface  of  the  section,  and  is  moditied  by  small  /■' 
and  e'  faces,  Tbe  intensity  and  tbicbnesB  of  the  two  colors  are 
nearly  cijual  and  an  interesting  feature  is  that  on  looking 
tlirongli  the  section  in  tbe  direction  of  the  vertical  axis,  the 
two  colore  complement  one  another  and  a  nearly  white  light  is 
tranfifuitted.  Another  transverse  section  with  an  oJl-brown 
core  and  rose-colored  exterior,  each  of  the  finest  ijuality,  gives  • 
a  good  illustration  of  the  internal  strain  crystals  may  be  sub- 
jected to,  owing  nndoubtedly  to  variatione  in  chemical  compo- 
mtion  ;  for  in  most  positions  under  the  polariscopo,  it  giveii  a 
biaxial  interforonco  figure.  Some  crystnts  iiave  internal  stria- 
tioUH  parallel  to  tbe  vertical  axis,  ending  in  little  pits  or  etch- 
ings on  the  terminal  faces,  and  when  coarse,  often  partly  filled 


with  clay.  AVhen  tbewe  ctriations  are  fine  and  nnmerons,  tlie 
crystals  may  be  cut  "en  cabacbon,"  and  give  most  excellent 
catVeye  effectB. 

In  conclusion  the  writer  wishes  to  express  bis  sincere  appre- 
ciation of  tbe  constant  assistance  and  advice  of  Prof.  S.  L. 
Penticid  iu  tbe  prepaiiitiou  of  this  article  ;  and  also  to  acknowl- 
edge the  courtesy  extended  to  him  by  Mr,  Scbernikow. 


r 
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DESCRIPTION  OF  PLATE  XXIV.» 

1.  Olive-green  crystal  of  the  uixth  type. 

2.  Transparent,  sea-green,  with  clear  pink  cap  ;  first  type. 

8.  Crystal  with  colorless  middle  part  and  pale  pink  ends  ;  first  type. 

4.  Transparent  throughout ;  lower  half  pale  green,  upper  half  pink  ; 
second  type. 

5.  Pink  with  cap  of  exquisite  rose  color  ;  second  type,  same  as  figure  4. 

6.  Small  pink  prism  penetrating  the  end  of  a  quartz  crystal. 

7.  Rough  seaigreen  crystal  passing  abruptly  into  a  pink  cap  at  the  upper  end. 

8.  Distorted  and  flattened  crystal  of  green  color  fading  into  pale  pink  at 
the  upper  end. 

9.  Distorted  crystal  shown  in  basal  projection  in  figure  10  ;  sea-green  color 
with  an  almost  colorless  cap  slightly  tinted  with  pink. 

10.  Cat's-eye  cut  from  a  crystal  with  internal  striations,  which  can  be 
seen  running  horizontally  through  the  stone. 

11.  Section  cut  from  a  crystal  with  a  smoky  brown  core  surrounded  by  a 
light  greenish  brown  layer  and  pink  shell. 

12.  Rounded  bunch  of  lepidolite  mica  with  albite  adhering  to  the  lower  part. 

13.  Pink  crystals  coated  with  a  crystalline  incrustation  of  cookeite  enclos- 
ing quartz  and  lepidolite. 

14.  Section  broken  across  a  crystal  with  a  dark  brown  core  and  lighter 
colored  shell. 

15.  Bent  crystal  ;  the  lower  half  is  light  pink  passing  into  a  pale  green 
middle  and  back  to  pink  at  the  upper  end.  Where  the  crystal  had  evidently 
been  fractured  by  the  bending,  it  has  been  healed  by  bands  of  fibrous  tourma- 
line with  silkv  luster. 

16.  A  crystal  of  the  fourth  type.  Grass-green  cap  at  the  upper  end  (analo- 
gooB  pole  in  tliis  case),  with  white  middle  and  corroded  dirty  green  cap  at 
the  lower  end. 

17.  Group  of  transparent  pale  pink  crystals;  analogous  ends  free  and 
terminated  by  c'  and  subordinate  r  . 

*  Nine-tenths  natural  size. 
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Art.    XhlN.—  The    Limit    of    Error    in    the    Ytyhmifirk 

Deiertninutiun  of  Small  ArwmnUs  of  GoiAl;  b.y  Ralph  X. 

Maxson. 
[Conlritiutiuua  fruin  lb«E»utChemiiul  I>aborNU>ry  nl  ValeUiiETerul]) — CXXVIl] 

In  a  former  p*j)or  from  tliis  laboratorv,  Gnoi-ii  ami  Morley* 
estntilisiivd  tliu  ftccurney  of  a  tuetliud  for  tlie  (JntDniiinatiou  uf 
(tmnll  amonnte  of  gnU\,  based  upon  tho  reaction 
Aut'l.  +  nKI  ^  3Kri+A.il  +  l,. 
Bucciitly  tlio  Htteiii]>t  lias  been  made  b.v  Ru{i|)+  to  eliow  tliat  this 
method  is  inacnirate,  and  to  brins  forward  a  pi-ocesa  baeed  npoii 
tiie  rodiictioD  of  ^ild  by  standard  arson iotis  stud,  aud  titration  of 
tbo  romlual  arecnioiie  acid  by  etnndai'd  lodiiiv.  In  n  ^tudy  of 
these  two  metho(]ii,i  1  havA  vi-ritied  the  refeidte  obtained  by 
(if)0(!h  and  Morley,  bnt  iiavu  boen  unable  to  determine  similar 
amounts  of  gold  witli  Bvon  approsimato  exactness  by  the  method 
of  Rupp. 

More  reee!itly,g  Rupp  has  disi^laimcd  aecnracy  for  hi*  method 
vrhoD  applied  to  atnnuiitfi  teas  than  a  few  uiitli^ranis,  and  [iro- 
ciicds  to  diseufis  thv  absurdity  of  attiimptine  to  dot^^nuine  volu- 
iiietriofllly  tenths  and  hinidrwlrbs  of  a  millij;nim  of  niateriiil. 
liowever  aecnrate  the  method  may  be — and  this  in  the  face  of 
.  Ijk&tafcQiiiunt,  ill  Ms  ova  preTiom  paper^M-EolfliUfitjric  resaltfi 
farri'.'d  lo  rhuii^nnilths  of  n  millljrratn. 

WbilL-  <jiiUl-  in  .i-Ti'L'oii-nt  with  Riipp  ^o  far  lis  to  admit  tiie 
alisiirditv  nf  iitti'iMptiiii;  tn  dorcrminL'  Jiiiiouiits  of  malcriiil 
nKvisnjvd  in  tentlw  im.l  hmidiv.lth- .d' a  milli-riim  bv  moinis 
of  N/:i  uiM^iiimis  ■■K-id.  u-  did    Kii].]!   ill  throe  out  of  tho  six 

d.■U■rllliIl;ltio,l^    lipnn    wlliHl    \w    IV-trd    llis    |.;',K'OSS.  I    tilko    till' 

viovv.  fiiar  with  pr„iH-Hv  inndi^  standurd  suhitions  of  Hiilalilo 
.iiliition.  it  iMnii!,.|.,,sMl.lof.ir;i  skillful  niialvst  t..  detoniiino 
triith<  and  Imndivdihs  of  a  milliirraia  ,.f  miUerial. 

Ilv  tho  use  of  .ii.|a-,..\iiMatclv  S'/loo  i.„ji,ic  and  thiosnl]dmro. 
(i.ioi'h  jiiid  Mork'v  jr.it  iTMilts  wifli  a  iru-an  error  of  r./loo 
niillii;i-aiLi  IjL-Iuivn  I'Ntmni's  of  +;!/jnii  mjr.  ami  _](./i,)ii  nis;. 
in  rw.'lv.'  a.'tm.uiialinn-.  a  ,-i.iirlo  >nml!  divideil   droo  of  tlie 


rvtoad.l 
vA  .-mall 
■;is  a  prr- 
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With  N/IOOO  solntioiis  and  witli  the  application  of  tliis  correc- 
tion, ten  experiments  iJ:ave  a  mean  error  of  less  than  4/1000  m^. 
between  extremes  of  4-2/100  m<r.  and  —20/1000  mij:. ;  while 
in  another  series  of  experiments  in  which  the  start  was 
made  witii  )>nre  <rr)ld  foil,  dissolved  in  eldorine  water  and 
treated  bv  a  process  carefully  desei'ibed,  the  averafri?  error  of 
fourteen  determinations  wiis  +2/1000  mir.  between  extremes  of 
+  1/100  mu^.  and  —  S/looo  mjr.  Tins  is  n(>t  theory  :  it  is  experi- 
ment. Here  are  vohimetric  solutions  capal)le  of  showing 
1/100  m^.,  (u*  less,  of  irold.  Is  it  any  moiv  absurd  to  deter-  . 
mine  ^old  in  this  manner  than  to  M^eii>h  that  (element  up(m 
an  a^isay  balance  sensitive  to  1/1 00  of  a  milligram?  To  be 
consistent,  Ivup])  should  include  all  processes,  i^ravimetric  as 
well  as  volumetric,  in  his  sweepini!:  (kn'laration. 

The  fact  that  larire  pei'centaire  errors  occur  in  certain  deter- 
minations ma<h*  by  (toocIi  and  Morley,  u])on  small  amounts  of 
gold,  if^  ati'jun  made  the  sul)ject  of  criticism  by  liupp. 

As  1  have  ])i-eviously  stated,  every  analytical  process  has  a 
certain  inevitable  eri-or,  and  because  of  this  fact  as  we  a])i)roach 
the  limit  of  accura(*y  of  the  ])rocess  the  ])ercentaire  error  will 
increase  rajndly.  This  inci'ease  can,  h(>wever,  under  no  cir- 
cumstances be  considered  a  reason  why  small  (juantities  of  sub- 
stances should  be  disrei^arded  in  analysis,  either  volumetric  or 
iijravimetric.  Because  the  oi-dinary  analytical  balance  is  sensi- 
tive only  to  1/1 0  or  i/20  mtr.  is  no  reason  for  declining  to 
weigh  tenths  or  twentieths  of  a  milligram,  although  the  per- 
centaije  error  in  weiuhinir  such  amounts  mav  be  verv  larire. 

Besides  these  whollv  unreasonable  criticisms,  reference  is 
made  by  JIupp  to  some  matters  of  scientific  fa(*t,  and  to  tliese 
I  next  pro]»ose  to  give  attention. 

To  Kup}>V  statement  that  with  dilute  solutions  the  starch 
indicator  is  no  longer  I'eliable,  it  is  sulHcient  to  rej)ly  tliat  experi- 
ence has  shown  that  one  small  drop  of  X/HM)  iodine  solution 
developes  the  starch  color  at  once,  in  solutions  of  the  volume 
and  concentration  described;  and  if  X/Jooo  solutions  be  used, 
a  perfectly  detinite,  and  not  excessive  allowance  of  o-p',  etpiiva- 
lent  only  to  1/100  mg.  of  gold,  is  all  that  is  nee<led. 

Further,  Hup])  claims  that  the  decomposition  r>f  aurous 
iodide  is  the  greate>t  error  of  the  ])ro(?ess  of  (toocIi  and  ^[orlev, 
and  refers  to  the  handbooks  of  chemistry  to  substantiate  this 
opinion.  Xo  handbooks  are  known  to  me  which  discuss  the 
deportment  of  aurous  iodide  under  exactly  the  conditions  of 
this  analytical  process,  ])ut  a  study  of  the  reaction,  of  which 
I  made  mention  in  a  former  paper,*  showed  that  aurous  iodide 
possesses  stability  sufiicient  for  the  purposes  of  the  analytical 
process. 

*  Loc.  cit. 
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I  have,  however,  tlioiight  the  matter  of  sufficient  interest  u> 
warrant  fiirtlitT  investigation  concerning  the  deportment  of 
thisHult  under  more  vnrivd  coiiilition?. 

The  method  employed  to  determine  the  mpiditv  with  which 
the  aurons  iodide  decomposes  was  as  follows :  A  measured 
qutintity  uf  ti  standard  gold  solution  was  drawn  oH'  into  s 
beaker  and  diluted  lo  the  re(jnired  volume.  To  this  was  added 
the  iiece«sary  amount  of  a  solution  of  pare  and  ^peciially  pre- 

fiarod  potassnun  iodide,  starch  wae  added,  and  the  freed  iodine 
mmwliutely  treated  with  N/100  thiosiilphate  solntion,  but 
onlj  to  the  rose  tint,  so  that,  as  in  the  actual  analysis,  there 
might  be  no  decomposing  action  due  to  an  excess  of  tbio&ul- 
phato  upon  tlic  aurons  salt. 

The  time  was  noted  atid  the  mixture  allowed  to  stand  until 
the  iodine  freed  by  the  decomposition  of  the  anrons  iodide  had 
brought  the  color  of  th«  liquid  to  an  ordinary  sttirch  bine. 
The  data  obtained  iu  tiiis  manner  are  shown  in  the  following 
table.  The  gold  sotutioii  used  contained  "OOO+tt  g.  of  metal  to 
the  cubic  centimeter. 

Volume  Time  iu 

before  the      minatoH  neces* 
OoM  KI  addition  of       eaxy  to  give 

No,  !;rin,  grm.  tbiosalphste.       biae  color. 
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It  may  be  seen  from  these  results  that  the  deconiposition  of 
the  aurous  iodide  under  the  conditions  is  comparatively  slow, 
although  potassium  iodide  was  present  in  large  excess.  In 
these  experiment«»  the  coloration  ran  through  various  grada- 
tions from  pink  to  blue,  as  the  starch  used,  in  common  with 
most  specimens,  had  suffered  hydrolytic  change,  the  pink  color 
indicating,  of  course,*  the  incipient  excess  of  iodine,  and  not 
under-titration  as  Ilu])p  has  stated. 

As  I  have  previously  shown,  a  complete  determination  by 
the  method  of  Gooch  and  Morley  can  be  easily  accomplished 
in  ten  minutes ;  the  maximum  time  actuallv  necessary  for  the 
completion  of  the  titration  after  the  formation  of  the  aurous 
iodide  need  not  exceed  four  minutes.  As  can  be  seen  from  the 
experiments  tabulated  al)0ve,  the  minimum  time  required  for 
the  incipient  decomposition  of  the  aurous  iodide  wtis  seventeen 
minutes.  In  no  ease  did  decomposition  take  place  immediately, 
altliough  potassium  iodide  was  present  in  large  excess.  It  is 
to  be  especially  noted  that  these  experiments  begin  where  the 
analytical  process  ends,  so  that  the  probability  of  any  iodine 
being  freed  by  a  too  rapid  decomposition  is  rendered  yet  more 
remote.  The  facts,  then,  afford  absolutely  no  foundation  for 
the  statement  that  the  de('om position  of  aurous  iodide  is  an 
inherent  source  of  error  in  the  method  of  Gooch  and  Morlev. 

Concerning  the  accuracy  of  the  method  proposed  by  Rupp 
it  is  unnecessary  to  speak  further,  since  Rupp  now  disputes 
the  desirability  of  estimating  less  than  the  milligram  ;  but  to 
the  reduction  of  gold  chloride  by  arsenious  oxide,  the  reaction 
used  by  Rupp,  it  is  necessary  to  recur.  Rupp  states  that  the 
process  of  reduction  goes  on  in  acid  solution.  As  I  said  in  a 
former  paper,  I  have  been  unable  to  effect  the  precipitiition  of 
the  gold  when  free  acid  is  present,  but  after  the  addition  of 
acid  potassium  carbonate,  reduction  takes  place.  Rupp  added 
to  his  solution  of  gold  chloride  containing  hydrochloric  acid, 
2Qcm«  Qf  nearly  N/2  solution  of  arsenious  oxide.  It  is  to  be 
supposed  that  this  solution  of  arsenious  oxide  was  made,  as 
usual,  by  dissolving  the  oxide  in  acid  potassium  carbonate. 
The  question  arises  as  to  whether  Rupp  did  not  have  enough 
acid  carbonate  in  his  arsenic  solution  to  neutralize  the  free 
acid.  The  fact  that  the  gold  was  j)recipitate(l,  and  within  ten 
or  fifteen  minutes,  points  strongly,  according  to  my  experience, 
to  an  alkaline  condition  of  the  solution.  80,  if  to  heat  a  solu- 
tion of  acid  potassium  carbonate  upon  the  water  bath,  under 
the  experimental  conditions,  brings  about  the  formation  of  an 
iodine-binding  carbonate,  and  is  indeed  an  error  as  Rupp  says, 
it  would  seem  that  Rupp  makes  that  error.  But  was  it  an 
error?     It  has  seemed  worth  while  to  investigate  this  point. 

•See  Hale,  this  Journal  (4),  xiii,  390,  1902. 
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A  N/IO  arspnic  solution  was  prepared  as  nBnal  wiili  the  aitl 
of  yii  pmins  of  potiiH!>itim  Ufid  ettrlinnatu  to  tlio  liter,  Twenty- 
two  euhic  centimeter*  of  tins  fuliition  wure  drawn  off  uml 
titrated  with  an  approximate! v  N/10  iodine  solution  in  tlie 
nsual  niaimer.  Four  lots  of  this  arsenic  sohitioTi  of  22™*  ea«li 
were  llieii  wirefiilly  drawn  off  and  hcafod  upon  tin;  etenui  batli 
for  lliirty  minutcB,  and  when  eool  were  titrated  againel.  the 
aiHivc  niL-ntioneil  iodine  Boliition,  The  volume  of  the  solnlions 
used  in  these  experiments  was  in  all  rases  approximately  75*^. 
Thi:  iv^ulta  obtained  art;  pivnn  in  tlie  aeeonipnnying  table, 


Stuidnnl  A»tO,  Iixlltie  uiwd  to 
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These  figui-es  show  conclusively  that  arid  potassium  earbon- 
ate  in  solution  of  the  coneentration  n«ed  in  tliew!  oxporimentK, 
0-14  {irini*.  in  a  volnnic  of  ".'".  doi-s  nut  in  thirty  iniiintes  lieat- 
ing  upon  the  water  liatli  luidcr^n  hiicli  p][aof;i-  a.*  tr.  eaiise  it  to 
absoru  an  appreciable  anii->iint  of  iodine  in  tiie  following  titra- 
iioiti  Ji<6twlHtt  Iheelfef^t  niuv  havu  bemi  inliupp*sex))eruncnts 
cmmot  of  .■i.ursc  W  ih'tcn.mir'l  in  tlii' nii^em-e  <A  knowk-dL'e 
in  re-iird  t.i  the  a.-iditv  of  lii.  iioi.j  s..lnti.m,  und  tlie  alkiihnitv 
<.f  bis  arseni<-  solntion. 

Ill  cotic'Ju.-ion  if  is  obvi.ius  th;U  tlie  <Titioisio«  made  I'V  Ww^y 
arc  not  wan-aiite.l  l.v  tlie  facts.  Wliilc.  as  its  aiitlior  tiow  con- 
eedes.  the  method  im.pn^ed  bv  IJiip).  is  iiut  to  l>e  t-.msidered  of 
value  for  the  dctenniimtion  of  small  amount-s  of -ohi.  all  the 
evideiieo  -oes  to  show  that  the  process  of  (l.io.-h  aii.i  Morlev 
is  aceoiate.  and  in  the  hands  of  a  skillful  analyst,  adaj.ted  to 
the  estimati.m  of  Juiniite  <jtiantities  of  :.'old. 
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SCIENTIFIC    INTELLIGENCE. 

I.     Chemistry  and   Physics. 

1.  Jfi/dratf'H  hi  Solution,  —  It  lias  been  known  for  some  time 
ifeat  many  inorj:janic  salts  givoaUnormal  results  in  the  lowering  of 
the  freezing  ])oints  of  their  coniparalively  concentrate<l  a<jiieouM 
solutions.  They  show  in  dilute  solutions  depressions  of  the  freez- 
ing point  whieh  corresjjond  to  their  i<»nization  as  determined  by 
electrical  eonductivity,  but  when  a  eertain  des^ree  of  concentra- 
tioM  has  been  reached  the  depression  of  the  freezini^  ])oint  is  abnor- 
mally great  in  most  eases.  11.  C.  Jonks  and  his  co-workers  have 
made  an  extensive  study  of  this  matter,  and  it  has  been  found 
that  all  bAt  nine  of  the  forty-nine  substances  experimented  upon 
showed  a  minimum  in  the  freezing-point  curve ;  that  is,  the  effect 
of  the  substanee  in  lowering  the  freezing  ]>oint  gradually  dimin- 
ished as  the  concentration  inereased — on  account  of  diminished 
ionization — and  then  the  abnormal  increase  of  effect  occurred  to 
such  an  extent  that  the  curve  showed  a  minimum  point.  Even 
where  the  freezing-point  curves  did  not  show  a  minimum,  there 
was  an  abnormal  depression  of  the  freezing  point  in  nearly  every 
case  with  concentrated  solutions.  It  was  found  also  that  those 
substances  which  crystallize  out  of  solution  with  the  lartjer  number 
of  molecules  of  water  of  crystallization  give  the  greatest  molecu- 
lar lowerings  of  the  freezing  ]>oint  of  water  in  concentrate<l 
solutions.  The  boiling-point  eurves,  as  far  as  they  have  been 
worked  out,  also  show  a  minimum,  but  this  occurs  at  a  greater  con- 
centration than  in  the  corresponding  freezing-j>oint  eurve. 

Prom  the  results  of  this  work,  the  important  conclusion  is 
reached  that  in  concentrated  solutions  a  |»art  of  the  solvent  is 
combined  with  the  dissolved  substan<*e,  and  such  solutions  are, 
therefore,  more  eoncentrate<l  than  they  would  appear  from  the 
amount  of  dissolved  substance  present  in  them.  This  view 
explains  the  abnormal  behavior  of  conci-ntrated  solutions  in  a 
very  simple  and  satisfactory  way;  for  it  is  diflicult  to  imagine 
that  substances  should  crystallize  with  water  of  crystallization, 
unless  they  were  capable  of  combining  with  this  water  while  in 
solution.  If  further  work  contirnis  this  new  ex|)lanation,  a  seri- 
ous objec'tion  to  the  ionic  theory  of  solutions  will  be  removed. — 
(Jones  and  Getman)  Antcr.  Chcm.  Jour.,  xxxi,  'Mr^.        ii.  l.  w. 

2.  A  Jlirros^'o/if'rtfl  Mrt/unl  o/  T)<trrniiniii(j  Mnh.imhir  \V(.i*fhts, 
— This  interesting  method,  desi-ribed  by  Gkok<;k  1>ak<;ku,  «^f 
King's  College,  Cambri<lge,  England,  dej>ends  upon  the  increase 
or  decrease  in  size  of  alternate  drops  of  tvvo  solutions  in  a  close<l 
capillary  tube.  One  of  the  solutions  is  ]>repared  from  a  substanee 
of  known  molecular  weight,  while  the  other  contains  a  known 
amount  of  the  substance  whose  molecular  weight  is  to  be  deter- 
mined. When  the  two  solutions  contain  the  same  number  of 
molecules  in  a  given  volume,  the  vapor  tensions  will  be  equal  and 
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tho  drupH  will  not  change  in  sLfe,  bill  if  ouq  of  th«  iolutioDs  is 
stronger  in  this  rei>ii«!ct,  its  drops  will  increaee  in  size  at  the 
expense  of  th^  other.  The  motnod  thon  conoists  in  finding  a 
known  solution  of  thu  satnc  vapor  tfDsion  as  the  known  one  by 
microscopic  moaMuroment  of  tho  drops.  It  is  not  necessary  thai 
the  solvent  used  should  havo  a  constant  melting  point*  or  a 
constant  hoiling  point,  henco  impure  solvents,  such  as  ether  mbIh- 
raied  with  water,  eo  per  cent  alcohol  or  80  per  cent  acetic  acid 
can  be  used  successfully.  The  solvent  should  not  he  loo  volatile, 
on  account  of  the  difficulty  or  manipulation,  and,  on  the  other 
band,  if  the  soiveut  is  not  sufficiently  volatile,  the  experiment 
takes  too  long.  The  details  in  i-egard  to  the  application  of  the 
method  need  not  be  given  here,  but  it  may  be  observed  that  the 
{irocess  has  been  tested  wtlb  a  great  variety  of  substances  with 
saTisfactory  results. — Jour.  Chim.  /Soc,  Ixxsv,  286.       'H,  L,  w. 

3,  Rubidium- Merisuric  Double  Salts.  —  Grossua.vs   has   pre- 
pared the  double  salts 

2RbI  •  Hgl„ 
Kb!  ■  HgL. 
3RbSCK-Hg{SCN)„ 
and  RbSCS-HgSCN, 

and  iilso  a  pyridinium-mercurio  eyauide-thiocyanale, 

(r,H,N)SCN-Rg(CN)j. 
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5.  Use  of  the  Thermal  Junction  in  the  Ultra  -  Violet,  —  A. 
PFLtTGBR  shoves  that  it  is  possible  to  detect  the  heat  of  spectral 
lines  in  the  extreme  ultra-violet  by  means  of  a  Ruben's  tnermal 
JQDCtion  and  the  throw  of  a  delicate  galvanometer.  The  strong 
lines  of  cadmium,  zinc,  aluminium,  etc.,  gave  deflections  of  many 
hundred  scale  divisions,  and  even  the  finer  lines  of  these  metals 
gave  deflections  from  20  to  100  scale  divisions. 

It  IS  shown  that  the  energy  distribution  in  these  ultra-violet 
lines  of  the  metals,  with  the  exception  of  magnesium  and  iron,  is 
strongest  below  wave  length  260/x/i,,  and  in  a  region  where  the 
ordinary  photographic  plate  fails  to  register.  The  aluminium  line 
at  186fifi  shows  a  very  strong  energy  radiation.  The  author 
found  it  useful  to  use  single  breaks  of  the  primary  circuit  and  to 
notice  the  first  deflection  of  the  galvanometer.  The  thermal 
junction  was  enclosed  in  a  vacuum  to  avoid  currents  of  air.  The 
table  of  distribution  of  energy  in  the  spark  spectra  of  metals 
shows  that  the  energy  of  radiation  of  the  ultra-violet  lines  is  in 
general  far  greater  than  the  ultra-red  lines.  At  first  a  quartz 
spectrograph  was  used,  later  a  Rowland  grating  ruled  on  a  fluor 
spar  plate.  Schumann^s  very  short  wave  lengths  also  gave  deflec- 
tions with  the  thermal  junction. — Ann.  der  Physik,  No.  5,  1904, 
pp.  890-918.  J.  T. 

6.  Internal  Friction  of  Nitrogen, — It  is  proved  in  the  molecu- 
lar theory  of  gases  that  the  internal  friction  is  independent  of  the 
density.  Prof.  8.  W.  HolMiVN  has  shown  that  the  dependence 
of  the  viscosity  upon  temperature  cannot  be  represented  by  a 
function  of  the  absolute  temperature  with  constant  exponent,  but 
that  it  increases  the  more  slowly  with  the  temperature  the  higher 
this  latter  is.  In  onier  to  retain  the  theory  of  elastic  spheres, 
Stefan  imagines  that  the  mean  free  wave  lengths  at  equal  pres- 
sures increase  with  the  temperature  and  the  size  of  the  molecule 
at  the  same  time  diminishes.  One  cannot  at  present  verify  this 
hypothesis  by  calculatioii.  Suthkrlanu  supposes  a  change  in  the 
attraction  between  the  molecules  is  modified  by  a  rate  of  collision, 
and  he  arrived  at  a  formula  which  expressed  under  this  hypoth- 
esis the  ratio  of  the  frit-tional  coefficients  at  any  two  tempera- 
tures. A.  Bestklmeyeii  takes  up  the  measurement  of  the  internal 
friction  of  nitrogen,  according  to  the  metliod  use<l  by  Ilolman 
and  arrives  at  the  result  that  Sunderland's  formula  represents 
with  great  approximation  the  internal  friction  of  nitrogen  between 
300°  and  —100".  The  departure  from  the  law  at  the  teni])era- 
ture  of  liquid  air  indicates  the  beijjiniiing  of  a  greater  friction  at 
lower  temperatures. — Ann.  der  Phi/sik,  No.  5,  1904,  pp.  944-005. 

J.  T. 

7.  Damping  of  Electrical  Oscilfntions.  —  The  resistance  of 
the  electric  spark  assumes  considerable  importance  in  the  subject 
of  wireless  telegraphy.  1' he  resistance  is  variously  extended  by 
different  observers.  Hjkkknes  estimates  it  at  11  ohms.  Braux 
as  O'l  ohm.  K.  Simons  measures  the  amplitude  of  electrical 
waves  damped  by  spark  gaps  of  increasing  lengths,  and  concludes 
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that  th<>  refistanoe  of  a  spark  j^ap  is  ao  much  thu  HniAller^the 
gi-talter  the  ijuantity  of  electricity  i»  tho  dist^barge,  and  Llmt 
within  tlic  limiia  t)f  liin  ubnei-vation  the  ntitittaiici-  of  thii  R|)!irk 
gap  iiier(!aiie<l  with  tht(  length. — Ann.  der  PkyAk,  No.  5,  1U04, 
pp.  H)44-1053.  J,  T. 

8.  On  Uir  €<'in/trea»!liiiity  n/  Siyltih ;*  !iv  J.  Y.  IU'cmaxak. 
F.K.S. -!'!..■  rii.lh.n;  hu-  ciirrie.l  on  A  nerio"  uf  parrfiil  i-spprin»..nw 
for  till  .ii  hiFiiiii.iii.;i  ..f  Ihf  aliHolutv  linair  oompriMisibililit^s, 
frnni    |ii  >>ii-:iil0   ul moitphcre!*,  »iiil    at  temperatures 

bctMi  1 1  '       :i'4''i'l<'i"f  t)i<]iii(.-tttlsplnlini)ni,gola,copptT. 

ahimiiiiiiiii  1 'I  ill  J:  ■^Mitti.  Tn*  mpllioii  i>inplDyi'd  is  that  used 
by  thf  author  iu  iI'^tLrminiiig  the  corapr<^SHibiiily  of  glasH  in  1880, 
and  developed  eariipr  in  conn tecit ion  with  iho  di'cpnea  Houudin^s 
m&de  by  tliu  (.'hnllcngi'r  EKpi-dition  in  1875.  lirietly  stated,  tliic 
method  consisted  in  th«  uHt>  of  a  solid  piezometer  in  which  the  rod 
of  the  glass  to  be  eiperimentt'd  upon  (57'''"'  in  lenftth)  was  insened 
in  a  closelv  titling  tube  of  the  eaine  material;  the  two  were  fused 
at  one  end  and  at  the  other  there  was  an  empty  spauc  of  some 
acin»  between  the  end  of  the  rod  and  that  of  the  lube ;  a  steel 
thermometer  index  was  inserted  at  the  end  of  the  rod  and  the 
tube  then  Healed. 

"Before  the  iiislrnrnent  was  attat-hed  to  the  sounding  Uiw?,  the 
index  waa  brought  down  by  meauH  o!  a  m:ignet  to  re.it  on  the  end 
of  the  inti.Tiial   gluKK  wire,  exaetly  in  the  same    way  us  if  it  had 
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steel  caps ;  each  tube  was  observed  by  a  microscope  witli  micro- 
meter eye-piece.  Details  in  regard  to  arrangements  of  the  parts, 
the  manometer  employed,  etc.,  will  be  found  in  the  original 
paper.  In  regard  to  the  progress  of  an  cxporinient  the  author 
remarks  : 

"  The  effect  observed  and  measured  is  the  lengthening  of  the 
rod  when  the  ])ressure  is  relieved.  As  the  com])ressibility  of 
solids  is  very  small  the  highest  pressures  have  been  used  which 
were  found  lo  be  comjiatible  with  the  reasonable  j)ersistence  of 
the  glass  terminals  ;  the  usual  pressure  was  in  the  neighbourhood 
of  200  atmospheres.  Very  IVw  of  the  glass  terminals  stood  over 
300  atmospheres.  The  pressures  actually  chosen  were  as  nearly 
as  possible  those  at  which  the  manometer  had  been  compared 
with  the  *  Challenger'  piezometer.  The  body  under  observation 
is  in  the  form  either  of  a  rod  or  a  wire.  If  it  is  in  the  form  of  a 
rod  then  it  is  fitted  with  wire  ends  of  sufticiently  small  calibre  to 
enable  them  to  enter  the  glass  terminals.  During  an  experiment 
with  a  rod  it  contracts  while  the  j)ressure  is  being  raised,  and 
expands  again  when  the  ))ressure  is  relieved.  The  steel  tube 
which  holds  it,  however,  acts  in  the  opjiosite  sense:  it  expands 
while  the  pressure  rises  and  contracts  while  it  falls.  If  the  two 
surfaces  were  perfectly  smooth,  one  half  of  the  change  of  length 
would  be  measured  at  the  one  end  and  the  other  half  at  the  other 
end.  As  the  surfaces  are  not  ])erfectly  smooth,  this  does  not 
usually  occur.  Moreover  the  steel  tul)es  are  prolongations  of  the 
central  steel  block  which  holds  them.  The  block  is  bored  with 
holes  at  right  angles  to  each  other  in  the  three  ])rincipal  directions. 
Consequently  for  a  distance  of  about  an  inch  and  a  half  in  pass- 
ing through  the  block  the  rod  is  not  su])ported  at  all.  With  the 
exception  of  this  snuill  ])ortion,  however,  the  rod  is  supi)orted 
throughout  the  whole  of  its  length  by  the  steel  tube.  Now, 
although  it  is  thus  nominally  su]>portcd  eipially  throughout  the 
whole  of  its  length,  we  know  that  in  realitv  this  is  i)rettv  certain 
not  to  be  the  case.  At  some  ])lace,  either  in  the  right  arm  or  in  the 
left  arm  of  the  aj>j)aratus,  the  rod  is  sure  to  bear  more  heavily  than 
in  any  other  part.  The  contraction  un<ler  pressure  and  the  expan- 
sion under  relief  of  pressure  will  then  aj)paiently  take  |)lace  as  from 
this  point  as  origin.  Supposing  this  ]>oint  itself  to  be  niotionless 
it  is  e\ident  that  the  change  of  length  measured  at  the  two  ends 
will  be  in  the  same  proportion  to  each  other  as  would  be  the  arcs 
which  they  would  describe  if  the  rod  were  a  lever  oscillating  on 
the  point  as  a  fulcrum.  As  there  is  no  su[)port  at  all  at  the  cen- 
tre this  j)oint  must  lie  on  one  side  or  on  the  other  of  it  and  the 
motions  of  the  ends  must  be  uneciual.  But  the  fixed  point  of  the 
tubular  receiver  is  the  central  block  ;  therefore  any  j)oint  in,  let 
us  say,  the  right-hand  tube  will,  when  pressure  is  l)eing  raised, 
move  to  the  right,  and  on  relief  of  pressure,  retreat  by  an  equal 
amount  to  the  left.  Consequently  when  we  observe  and  measure 
the  change  of  position  of,  for  instance,  the  right-hand  extremity 
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ot  tlie  rod.  when  the  pressure  is  relieved,  that  change  of  position 
is  composed  of  two  motions,  llie  expansion  of  ihe  part  of  the  rod 
whiehlies  between  the  right-hand  extremity  and  the  point  in  it 
whoHS  motion  with  respect  to  the  ntecl  carrying  tube  is  nil,  along 
with  the  proper  motion  of  that  point.  Similarly,  when  we  meas- 
ure the  uhnnge  of  position  of  the  left-hand  end,  it  also  is  com- 
iinced  of  two  pnrtp,  the  expansion  of  the  part  of  the  rod  which 
iip»  hi'tween  the  left-hand  extremitj^  and  the  same  point  in  ihv 
iii^th  of  ilie  rod  where  itK  motion  with  respect  to  the  utoel  liibc 
I  nil,  alon^  with  thii  proper  motion  of  that  point.  But  at  the 
left-hand  «nd  tho  motion  of  cxpiinsion  is  to  the  loft,  and  at  the 
right-liand  end  it  te  to  the  right,  while  the  proper  motion  of  the 
position  of  the  common  point  on  the  rod  and  on  the  tube  is 
always  in  one  dirrction,  and  in  this  ease,  to  the  left.  Therefore 
the  distance  raoasiired  in  the  right-hand  microscope  is  the  expaii> 
sion  of  the  portion  of  the  rod  which  lies  to  the  right  of  the  point 
on  it  which  is  motionless  relatively  to  the  tube  minit»  the  proper 
motion  of  this  point :  and  the  distance  measured  at  llie  left-hand 
end  is  the  expansion  of  the  remainder  of  the  rod  vlun  the  proper 
motion  of  the  common  point.  Conxciiuuntly  the  algebraiu  sum  of 
the  two  motions  measured  is  the  expansion  of  the  rod  under  the 
elief  of  pressure." 

The  following  table  gives  a  summary  of  the  results  obtnined 
which  are  stateflin  full  in  six  tables  preceding.  This  final  table 
is  as  follows : 
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II.    Geology  and  Natural  History. 

1.  United  States  Oeological  Survey. — The  following  publica- 
tionR  have  been  recently  issued  : 

Folio  No.  102.  Indiana  Folio,  Pennsylvania  ;  by  George  B. 
Richardson.  The  Indiana  (|uadraDglc  is  made  up  of  Carbonifer- 
ous strata  nearly  all  belonging  to  the  Pcnnsylvanian  series  and 
containing  workable  beds  of  coal  (Freeport).  The  two  charac- 
teristic plains  of  the  Allegheny  Plateaus  are  almost  unrecogni- 
zable in  this  part  of  Pennsylvania.  The  geologist  will  note  the 
omission  of  structure  sections. 

No.  103.  Nampa  Folio,  Idaho-Oregon;  by  Waldemar  Lind- 
ORSN  and  N.  F.  Drake.  The  geological  map  of  the  Nampa 
quadrangle  shows  wide  areas  of  dissected  Tertiary  lake  beds 
together  with  extensive  Quaternary  gravels  and  recent  flood 
plains.  Tertiary  basalt  and  rhyolite  and  Quaternary  basalt  occupy 
smaller  areas.  The  lake  beds  of  the  Payette  and  Idaho  forma- 
tions once  covered  the  whole  district  and  this  folio  is  in  particu- 
lar a  study  of  the  geographical  conditions  during  the  formation 
and  partial  destruction  of  beds  of  sand,  gravel  and  clay  with  a 
thickness  of  200  to  1000  feet.  The  characteristics  of  stream  beds 
in  arid  regions  are  well  shown  by  the  Payette,  Boise  and  Snake 
rivers. 

No.  104.  Silver  City  Folio,  Idaho  ;  by  Waldemar  Lindgre^^ 
and  N.  F.  Drake.  With  the  exception  of  Cretaceous  ?  granite, 
the  formations  represented  on  the  Silver  City  quadrangle  are 
Eocene,  Pliocene  and  Quaternary.  An  early  Tertiary  epoch  of 
erosion  was  followed  by  outbursts  of  rhyolite  and  basalt  and  this 
deposition  of  the  Payette  lake  beds  to  a  thickness  of  2000  feet. 
A  short  period  of  erosion  enabled  the  streams  to  cut  to  their 
present  levels.  The  Idaho  formation  was  deposited  in  the  waters 
of  a  shallow  lake  during  Pliocene  time.  The  Snake  River  Can- 
yon wis  cut  during  Miocene.  Glassy  basalts  form  the  highest 
Tertiary  beds  and  may  have  extended  into  the  Quatornary.  Ter- 
races show  the  gradually  dee])ening  channel  of  the  Snake  River. 
The  ore  deposits  at  Silver  City  are  fissure  veins  of  post-Eocene 
age  and  cut  through  granite,  rhyolite  and  basalt.  Opals  occur  in 
vesicular  cavities  in  the  rhyolite  and  basalts. 

No.  105.  Patoka  Folio,  Indiana-Illinois;  by  Myijcn  L.  Fuller 
and  Frederick  G.  Clapp.  Carboniferous  strata  of  the  Pennsyl- 
vanian  series  containing  minor  veins  of  coal  are  exposed  in  a 
small  portion  of  the  Patoka  quadrangle.  The  most  prominent 
and  widespread  formations  are  the  glacial  drift  and  the  Wabash 
flood  plains.  The  lUinoian  stage  is  represented  by  an  extensive 
series  of  lake  deposits,  gravel  plains  and  ridges,  and  till  sheets. 
The  lowan  stage  is  represented  by  marl  loess,  while  of  the  Wis- 
consin stage  there  remain  small  areas  of  dunes  and  terraces.  The 
mineral  resources  of  this  region  are  coals  and  clays.  Much  valu- 
able land  has  been  reclaimed  by  draining  and  diking. 

Bulletin  No.  225.     Contributions  to  Economic  Geology,  1903. 
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S.  F.  EuMONS,  C.  W.  IlAYEfi,  UeologUts  id  charge.  521  pp.  This 
reporl  contains  a  series  of  fifty-one  contributions  from  thirty- 
sevpn  membevs  of  lb«  Survey  who  have  been  engaged  chiefly  in 
economic  work  during  tiie  year.  Brief  introductory  statements 
are  also  given  on  the  investigation  of  metalliferons  ores  by  S,  F. 
Emmons  and  of  non-melalliferoiis  economic  minerals  by  C.  W. 
Hayes. 

2.  The  Atnll  of  Funafuti.  J}(»-inffs  into  a  Curnl  Btr/'  am/ 
tht  BfiuUn.  siv  +  428  p[i.,  B  pis.,  60  figs,  with  21  cliarts  and  geo- 
logical \att\i*,  Publinlied  by  the  Itoynl  Hncicty. — Darwin  believed 
that  the  history  and  origin  of  coral  reefs  must  remain  uncertain 
nntil  a  drill  core  could  oc  obtained  for  a  depth  of  at  least  eoo 
feet.  Under  the  lead  of  ProfeBsor  !4oLi.Ae  tlio  Hnyal  Society 
□  ndertook  to  carry  out  this  Knggestion,  and  a  committee,  with 
['rofcBSor  T.  ti.  Bonney  as  chairman,  was  appointed  to  have  een- 
eral  supervision  of  the  project.  Few  scientifii-  expi'ditions  can 
match  the  Fnnafuti  undertaking  in  determination  and  tborougb- 
noss.  In  18S6  Professor  Sollas  failed  to  attain  a  greater  depth 
than  103  feel.  The  expedition  of  that  year  resulted,  however, 
in  valuable  noil  cot  ions  and  in  the  oonstruction  of  the  most  accu- 
rate and  detailed  chart  yet  made  of  an  atoll.  A  stndy  of  the 
surface  features  and  of  the  changes  in  elevation  was  made  bni 
few  conclusions  of  general  application  were  reached.  Meteoro- 
logical observations  and  magnetic  surveys  were  also  madi:.  The 
expedition  of  16BT  resulted  in  a  drill  hole  608  feet  deep,  but  was 
— ammnfaetorj  owing  to  tbe  small  smomtt  of  solid  aon  obtained. 
A  detailed  geoloi^ical  survev  was,  however,  made  of  ibe  aloll 
bv  Professor  I>avit>  and  Mr.  fiwKKT.  The  third  expedition,  in 
1898,  sncffclfd  in  driviny  the  boring  down  to  11I4A  feet  und 
ohiaininfi  about  :ts4  feet  of  solid  .-ore.  A  hole  was  also  bored 
No  feet.     Slices  for  niicrosoopic 
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a  mass  of  Halimeda  increased  2^  inches  in  height  and  3j  inches 
in  thickness  in  six  weeks  !  The  drill  cores  were  sent  from  Funa- 
futi to  England  and  were  examined  in  microscopic  sections  by 
Professor  Judd  and  Dr.  Hixde  (pp.  167-361).  The  quantity  of 
calcareous  algae  is  surprisingly  large.  Oolitic  structure  and 
stratification  are  absent  and  there  is  no  admixture  of  deep  water 
organisms,  the  same  genera  and  species  occur  from  top  to  bottom 
of  the  section.  Extensive  chemical  and  mineralogical  changes 
have  taken  place  in  the  rock  since  the  corals  were  living,  and 
these  chani^es  have  been  studied  in  detail  by  Professor  Judd  and 
Dr.  CuLLis. 

The  reviewer  is  disappointed  to  find  no  dis(;nssion  of  the  origin 
of  coral  reefs  as  illustrated  by  this  typical  atoll,  yet  the  conclu- 
sion seems  unavoidable  that  subsidence  has  been  the  chief  cause 
of  growth  of  the  reef  in  this  case.  The  workers  in  the  Funafuti 
project  deserve  high  praise  for  the  conception  of  the  scheme,  for 
its  successful  execution  under  discouraging  circumstances,  and  for 
the  valuable  scientific  results  obtained. 

3.  A  lievislofi  of  the  Paleozoic  Bryozon ;  by  E.  O.  Ulkich 
and  R.  S.  Basslkr.  Part  1.  On  the  Genera  and  Species  of 
Cttnostomata.  Reprinted  from  the  Smithsonian  Collections 
(Quarterly  Issue)  vol.  45,  ))uV)lished  April  11,  1004. — In  this  first 
part  of  the  much  needed  revision  of  the  Paleozoic  Bryozoa,  the 
authors  discuss  all  the  known  species  which  can  be  referred  to 
the  order  Ctenostomata.  While  the  rather  peculiar  fossils  so 
classified  can  not  be  proved  to  belong  to  this  order,  most  of 
whose  members  are  living  species,  the  evidence  seems  to  point 
strongly  in  that  direction.  The  greatest  objection  is  that  the 
zoaria  of  the  recent  species  are  horny  or  membranaceous,  while 
those  of  the  Paleozoic  forms  were  sufhcientlv  calcareous  to  be 
preserved.  The  species,  which  number  thirty-three,  are  arranged 
tinder  five  genera  and  three  families  :  the  Rhopalonariidre 
(Hhopalonaria)^  the  Vinellidjc,  new  family,  (  Vinella,  Hetero- 
nemrty  gen.  nov.  Allonema  gen.  nov,),  and  the  Ascodictyonida3 
{Ascodictyon).  It  will  be  noticed  that  the  family  Ascodictyon- 
id8B  is  here  restricted  to  the  typical  genus  and  Yinella  removed 
to  a  new  family  erected  to  include  it  and  its  allies.  It  is  to  be 
regretted  that  the  authors  have  seen  tit  to  insert  here  descrip- 
tions of  a  new  genus  and  two  new  species,  Iltteronenia?  con- 
textufn  sp.  nov.  and  PtycJiOcladia  agdlas  gen.  et  sp.  nov.  which 
are  of  so  problematical  a  nature  that  they  admit  that  the  one 
may  be  a  sponge  and  the  other  an  alga  or  some  peculiar  type  of 
Foraminifera.  While  there  is  reason  for  publishing  descriptions 
of  such  peculiar  organisms  in  order  to  get  the  opinion  of  other 
writers  on  the  subject,  it  does  not  seem  desirable  to  give  new 
names,  particularly  new  generic  names,  to  fossils  whose  characters 
are  so  obscure  that  they  cannot  be  definitely  referred  to  any 
class  or  even  kingdom.  It  is  better  to  await  the  discovery  of 
good  material,  as  publication  at  this  time  only  invites  further 
revision.     In  addition  to  the  description  of  the  species,  the  paper 
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f;ives  a  good  Eummnry  of  the  liUTattirp,  and  ix  well  tlluftrated  by 
four  plates  containlug  many  dgiirei  of  receni  and  PaleoKoio 
CHenostomata,  p.  k.  r. 

.  An  attempt  to  Gla»tify  J^alfotoic  Jiatra/^hian  ^otprintg. 
Trans.  Roy.  Soc.  Can.,  ad  ser.  vol.  ix,  8eo.  IV.  \\.  109,  1903.  Neie 
Oenera  of  Jiatraekian  footprints  i>f  t/ie  Carbonif'erou»  Sy^tein 
in  Eastern  Canada.  Can.  Hec  Sol.,  vol.  ix,  No.  2,  \i.  99,  1903; 
by  G.  F.  Matthkw,  LL.D. — These  articles  are  cora|)lemeiitary 
to  each  other.  Tlie  first  takes  a  wider  field  of  view  than  tlie 
leconil,  vis.:  the  described  Carboniferoufi  tracks  of  America, 
nipjioaed  to  have  been  made  by  Batrachian  animals,  and  is  an 
endeavor  to  classify  these  footprints  according  to  their  forms, 
and  the  number  of  toes  represented.  The  author  does  not 
think  the  presence  or  absence  of  a  tail  mark  or  central  groove 
brtweon  thr*  rows  of  footmarks  of  the  right  and  left  limbs  of 
genera)  elaaeificatory  value,  as  some  tracks  which  arc  closely  alike 
'  I  other  respects  are  distinguished  mostly  liy  thix  marking  ;  and 
le  "tail  mark"  may  be  absent  from  one  part  of  a  trail  and 
present  in  another. 

A  table  ia  given  at  page  111  of  the  first  paper  in  which  the 
tracks  of  the  Lower  Carboniferous  and  the  Coal  Measures  are 
irranged  according  to  the  namber  and  the  weight  of  the  toe- 
Plates  show  some  of  these  characteristic  tracks,  and  give 
figures  of  new  ^uura  proposed.  It  Is  stated  that  no  Enropeau 
-  f ootpriuU -of  Carboaiftiniua  a^a  wara  eouaidered  is  this  (tlas«fi- 
cation  and  description  of  American  forms. 

r,.  Geolof/!/,-  by  Tu.imas  C.  Chamhkri.in  and  Rollis  D. 
Sai.ihrurv.  In  two  volumes.  Vol.  I,  Geologic  Processes  and  their 
Results,  xix  and  654  ]>p.,  24  pin.,  with  three  tables  of  water 
analyses.  New  York,  10(14  (Henry  Holt  &  Company).  —  This 
volume',  printed  in  clear  type  upon  a  heavy  grade  of  paper,  illus- 
trated by  numerous  original  drawings  and  photographs,  both  well 
selected  and  rcprodnced,  posse.ise.s  a  distinctive  character  and  fills 
a  place  not  (juite  occupied  by  any  other  manual.  The  methods 
of  treatment,  as  stated  in  the  preface,  bring  especially  to  the  front 
the  methods  of  action  and  developmental  aspects  of  the  geologic 
agencies.  Careful  distinctions  are  drawn  between  those  principles 
well  founded  on  observed  facts  and  others  which  have  nsually 
Iteen  as  commonlv  accepted  but  which  ultimately  depend  upiiii 
hvpotlicsos  as  to  Ihc  oiifiin  nr  inleinal  n;Unrc  of 'the  earth.  In 
tl'n'  Ifss  .■.rtaiii  .U'lvuliJiciits  of  -'■'■l"u'ii>.il  kiiowlc.liic  the  rm-lhod 
i>r  multiple  or  uluviiativi'  liv)iollicsi-s  U  ilcwlopcd  and  the  studeul 
shown  the  liniitatinnsof  |in>si.ut  r>-.\]  kno«  ledsre  u|ion  the  subject. 
Tin-  lii-.-l  i-liaiilcr  coti>isi>  .,(  :,  |,rclinii(i:iry  outline  on  the  tiehl  of 
^'eiih.irv,   folliiwuej   whielj    :ire    .-liiii.lers 'u]„iii    llie    work    of    the 
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guarantee  as  to  the  depth  and  thoroughness  of  treatment,  while  in 
the  chapter  on  the  "Origin  and  Descent  of  Rocks,"  in  which  is 
presented  an  outline  of  the  recently  proposed  quantitative  system 
of  classification,  the  authors  have  had  the  assistance  of  Prof.  J. 
P.  Iddings. 

In  the  reviewer's  opinion,  the  volume  hardly  supplants  the 
manuals  at  present  in  use  but  rather  supj)lements  them,  and  from 
the  somewhat  philosophic  and  evolutionary  cast  would  be  most 
profitable  to  the  student  who  has  previously  accumulated  suffi- 
cient facts  to  feel  the  need  of  their  coordination.  It  will  be  of 
chief  value,  therefore,  to  advanced  students,  to'  geological  special- 
ists, enabling  them  to  get  comprehensive  outlooks  over  related 
fields,  and  to  teachers  of  geology  in  general.  The  character  of 
the  volume  should  make  it  attractive  also  to  the  general  reader  of 
scientific  tastes  who  wishes  to  follow  the  latest  trends  of  geologic 
thought.  J.  B. 

6.  The  Mineral  Resottrces  of  the  United  States  for  the  Calen- 
dar year  1902  ;  David  T.  Day,  Chief  of  Division  of  Mining  and 
Mineral  Resources.  Pp.  1038,  8vo.  U.  S.  Geological  Survey, 
Washington. — This  is  the  Nineteenth  Annual  Report  of  the 
series,  and  is  in  the  octavo  form  which  is  most  convenient 
for  use.  It  gives  the  usual  summary  of  the  mineral  production 
for  the  year,  with  detailed  papers  on  specific  subjects  by  different 
authors.  The  system  now  ado[)ted  of  distributing  the  individual 
chapters  in  advance  of  the  final  volume,  whenever  such  are  ready, 
has  the  great  advantage  of  bringing  the  material  within  reach  of 
the  public  very  promptly,  while  the  complete  volume  issued  later 
is  invaluable  for  refeience. 

Y.  Pracjrnenta  Florae  Philippinae ;  by  J.  Perkins,  Ph.D. 
Fascic.  1  ;  66  pages  imp.  8vo,  Leipzig,  1904  (Gebrdder  Born- 
traeger,  price  4  marks). — Even  before  the  j)acitication  of  the 
Philippines  various  projects  were  formed  by  Americans  for  the 
scientific  investifjation  of  the  Islands.  It  was  felt  that  the 
American  occupation  of  this  biologically  rich  archipelago  not 
only  offered  to  our  investigators  new  opportunities  but  in  a  way 
imposed  upon  them  certain  obligations  toward  activity  in  the 
fresh  field  thus  unexpectedly  o})ened.  In  their  enthusiasm  some 
of  those  most  eager  to  undertake  this  task  little  a|)])reciated  its 
difficulty.  Biological  areas  are  not  changed  by  shitting  ])olitical 
boundaries.  The  Philippines  are  and  must  always  remain  a  part 
of  the  Old  World.  We  have  not  in  all  America  adequate  litera- 
ture or  authentic  s])ecimens  for  a  scholarly  examination  of  the 
Philippine  flora.  "J^o  accumulate  such  material  must  be  a  matter 
of  years  of  patient  and  critical  labor.  It  is  true  that  American 
energy,  backed  by  the  liberal  support  of  the  United  States  gov- 
ernment, as  well  as  by  private  patrons  of  science,  could  speedily 
bring  together  in  our  country  Philippine  collections  more  exten- 
sive than  any  which  have  resulted  from  the  slower  methods  of 
Spanish  or  other  foreign  explorers,  yet  this  is  by  no  means  suffi- 
cient.    The  Philippine  flora  possesses  such  a  strong  affinity  with 
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tJte  vegeUti»n  of  tb«  other  Aastraiuian  islands,  uid,  indeed, 
with  that  of  roRtinental  India,  that  it  can  be  stndied  inielUgtiiitly 
only  through  cninparumo  with  tvpen  in  foreign  herbaria  and  by 
invotttgatoFH  familiar  with  Old  VV  orld  fiaran. 

Under  thexr  pircmnslaiiceii,  il  waa  a  wine  decision  of  lite  C>ni«- 
^9  Institution  to  inalcit  »  grunt,  not  for  the  invMtigaiion  of  the 
Philippine  ion  in  America,  but  to  vd  Dr.  Jativi  Perkins  in 
aindying  the  Bahjcct  in  Uerlin,  where  with  scoeHa  to  numrroun 
Old  World  typcK  and  with  the  uoiinnel  and  oullaborvtion  of 
highly  trained  sgwcialiitx  on  the  AHlatid  and  Australasian  dontH, 
the  work  could  be'  oarritrd  on  in  a  fur  more  iK;hularly  manner. 
It  in  accordingly  with  threat  regret  that  we  learn  that  this  f;rant 
of  th«  Carnegie  Instilutioii  ha»  not  biHju  renewed  after  the  Unit 
ye»r.  Dr.  Perkins,  however,  has  uontinned  her  examination  of 
the  PhiHj>pinc  flora  and  a  sub'^tantinl  inotallmont  of  the  resaltH  U 
now  at  hand. 

Tilt;  body  of  the  present  paper  is  occapied  by  an  "  Knumera- 
tioti  (if  w>fne  of  the  rccenilr  collected  plants  of  AHern,  Jagor, 
Lober,  Merrill,  Warburg  and  others."  In  this  copiously  annotated 
list,  including  many  diagnoses  of  new  species  and  macb  critical 
synonymy,  lh«  Let/uminoaae,  Jtipterocarftceae,  An'iearttiiietatt, 
Mcliaotae,  Itwicifnt,  and  TuJtaceae  have  Iteen  treated  liy  Minx 
Perkins  herself,  the  Hytttploeaceae  by  Brand,  Acanthnaat  by 
Xrindan,  /^ttffncttw  hy  von  Seenten,  7)/phae«ae  by  Gracbner, 
Orchidaccae  by  Schlechier,  Palmae ^  Ueooari,  Mwitticaciae, 
J^aadanaeetM,  mad  Btffoniaeeam  by  Warburg,  and  &tpindaotfu 
bv  RadlkofiT— n:.nics  which  aioi-lv  attest  ihc  critical  nature  of 
(Ih-  work. 

In  a  i).i]ier  of  such  composite  authorship  uniformity  can  scarcely 
be  expected,  yet  it  is  to  be  ret;relled  that  the  diagnoses;  are  partly 
in  I.alin  and  partly  in  Knglish,  and  that  the  arrangement  of  the 
faniilies  is  ijuite  arbitrary,  which  in  a  publication  as  vet  unin- 
dcxed  gives  needless  diHiciiltv  of  reference.  Amone  the  plants 
discussed  those  of  Mr.  E.  I>. '.Morrill  an.1  of  Dr.  O.  Warburg  are 
the  most  numerous  and  interesting.  It  is  to  be  hoped  thai  Dr. 
Perkins  may  receive  the  cncoiiragemeiit  and  facilities  in  the  con- 
tinuance of'hor  work  which  its  scientific  value  so  richly  merits. 

B.    1,.    R. 

8.  ]lut'ini.;,l  P„/,i:<-iitio»t  '"/  the  Jtiireaii  of  G<u-cnimi.,( 
L:l...r<il-.-k^  .11  M.ii,il'i.—\  series  of  pamphlets  are  being  issueil 
Imiiii  iIttic  to  time,  unilcr  the  auspic.-s  „r  ihe  Department  <.f  the 
Interior,  tVom  the  Government  Ul>or;U<.rics  in  Manila,  of  which 
.Mr.  Paul  C.  lMV,.r  is  Siip.Tinten.lent.  Am 
i\.  7  an. I  H.  m-i-ntlv  .li-lrihiitci.  nn.m  hot: 
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prospect  not  only   of   utilizing  the    natural   supply,  but  also  of 
introducing  and  cultivating  foreign  species. 

No.  8  (193  pp.),  by  Elmer  I).  Merrill,  gives  a  Dictionary  of  the 
plant  names  of  the  Islands  with  the  botanical  equivalents.  There 
are  two  parts,  in  the  first  of  which  the  local  names  and  in  the 
second  the  botanical  names  are  made  the  V)asis  of  the  alphabetical 
arrangement. 

III.    Miscellaneous  Scientific  Intelligence. 

1.  Wilhehn  Osticahl ;  by  P.  Waldex.  8vo,  pp.  120.  Leipzig, 
1904  (W.  Engelmann,  price  4  marks).  —  Last  December  the 
friends  and  former  students  of  Wilhehn  Ostwald  celebrated  in 
Leipsic  the  twenty-fifth  year  of  his  doctorate.  A  special  volume 
of  the  Zeitschrift  fur  physikalische  Chemie  was  issued  on  the 
occasion,  and  an  account  of  OslwaUVs  life  and  work  up  to  the 
present  time.  The  volume  of  the  Zeitschrift,  containing  nearly 
nine  hundred  pages,  consists  of  contributions  in  German,  English, 
and  French  from  over  thirty  of  his  former  students,  coming  from 
eight  different  countries. 

Walden's  account  of  Ostwald's  life  and  work  is  exceedingly 
interestins:  and  is  told  in  a  most  entertainintj  manner.  He  was 
well  qualified  to  undertake  the  work  as  he  studied  with  Ostwald 
and  is  professor  at  Riga,  where  Ostwald  was  born  and  where  he 
was  professor  for  six  years. 

Ostwald  was  born  in  1853,  aiul  as  a  boy  and  when  first  a  stu- 
dent at  Dorpat  he  was  not  particularly  forward  in  his  studies. 
When  once  started  on  his  profession,  however,  his  progress  was 
extraordinary.  After  taking  his  doctor's  degree  in  December, 
1878,  he  immediately  became  an  instructor  in  Dorpat.  Two 
years  later,  in  1881,  he  was  called  to  Riga  as  professor  of  chem- 
istry, where  he  remained  till  1887,  and  here  in  1880  he  received 
his  first  foreign  student,  8.  Arrhenius,  who  j)ro])os('d  the  theory 
of  electrolvtic  dissociation  the  followinir  vear.  lie  became  pro- 
fessor  of  physical  chemistry  in  Leipsic  in  1887,  a  position  which 
he  still  holds. 

The  first  volume  of  his  great  '  Lehrbuch  der  allgemeinen 
Chemie'  appeared  in  1885  and  from  that  time  forward  his  literary 
work  has  been  prodigious.  He  has  written  over  twenty  volumes 
representing  fifteen  thousand  pages,  besides  several  thousand 
reviews  of  scientific  investigations  and  books.  The  Zeitschrift 
was  started  chiefly  by  him  in  1887  and  he  has  been  one  of  the 
editors  ever  since. 

As  a  teacher,  he  has  been  remarkablv  successful.  His  labora- 
tory  at  Leipsic  has  been  the  center  for  physical  chemistry  since 
he  took  charge,  and  almost  every  branch  of  the  subject  has 
received  its  share  of  attention.  Students  have  come  to  him  from 
every  civilized  country.  At  the  same  time,  he  has  carried  on 
many  investigations  of  his  own.  u.  w.  f. 
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_,  CAaiiae*  in  thr-  7VanA/>art/ici/  of  lite  Efirtli't  Atmospfiere. — 
A  circular  Vttpr  hua  been  wnufil,  umier  the  auBptoes  of  the  U.  S. 
Weather  Burcaa,  having  an  itjt  ol>ji>ct  the  ae^umntation  of  datu 
bearin;^  upon  the  general  diminution  in  tlic  transparoncy  of  the 
earth's  atmosphere  noted  by  various  observers  during  IB02,  but 
which  disappeared  in  If'Oil.  llecorde  are  asked  for  "that  will 
assist  in  defining  the  dales  of  beginning  and  ending,  and  tho 
extent  of  this  change  in  transparency.  Such  records  may  con- 
sist of  phoiomeiric  or  photographic  observations  of  the  brightness 
of  the  stars ;  changes  in   the  solar  or  stellar  spectra ;  unusual 

firevalence  of  haloa,  large  Bishop's  ring,  or  ha»e  ;  observations  of 
■eat  received  from  the  sun,  as  made  with  actinometers  or  [tyr- 
heliotnelera:  obfcrvatlous  of  the  polanxatioii  of  the  blue  sky 
light  and  of  scintillation  of  the  ntars.  Undoubtedly  this  diminu- 
tion and  increase  of  transparency  began  and  ended  at  different 
dates  in  different  places,  as  the  phenomena  spread  gradually  over 
the  world  during  the  years  1902  and  1903;  additional  records 
arc,  therefore,  desired  in  order  to  trace  its  progress." 

Facts  bearing  upon  this  subject  may  be  forwarded  to  Professor 
Cleveland  Abbe  at  Washington,  by  whom  the  circular  is  signed. 

8.  J'he  Alp/ieus  Hyaii  Memorial  Pund  for  Field  Lexsont. — 
The  report  recently  issued  by  the  Trustees  of  the  Hyatt  Memorial 
Fund  at  Boston  ^ves  an  interesting  saniniary  of  the  field  work 
accomplished  during  the  first  year  since  the  organiealiou  began. 
Superiuteudeut  Seaver  atatas  that  20  teaahera  from  9  sohools 
-  Itave  profited  by  tlia  ineame  of  the  fund  and  3S06  nhildren  have 
lipun  tnlicn  to  llie  se.ishore  and  country.  The  value  of  such  field 
work  as  ,i  part  of  the  education  of  school  cliildren  is  obvious  and 
il  is  gratifying  to  note  that  the  money  available  produces  so 
large  a  return.  Con Iribu lions  are  asked  for  in  order  to  increase 
the  endowment ;  tliey  may  bo  sent  to  Mr.  Stephen  H,  Williams. 
24  Milk  St.,  Boston, 

4.  Altilufhs  hi  Oik  Dominion  of  C'luada  ;  by  James  White. 
Geographer.  Gt'ol.  Survey  of  Can.id.i,  Otl.awn,  -lo^  p]>. — Since 
In!)*  Mr.  White  has  been  collecting  and  classifying  data  regard- 
ing elevations  in  ''anaila.  AUitndes  are  given  along  railroads, 
rivers  and  in  detail  about  the  Great  Lakes  and  the  St.  Lawrence. 
The  present  voliinie  is  the  only  publication  containing  this  mass 
fad  and  thus  becomes  n  necessarv  reference  book.  Four  pro- 
rlli  Amentia  accompany  the  volume. 
u-lh'i'ii'kv  T,n-is.r,ipitio'i<  Comioilt-i  '„, 
i:..     Tp.  -■!  with  eij;lil  i.lates.     Tokvo. 
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from  Hoil  and  water  at  New  Haven, 
97. 


Academy,  National,  meeting  at  Chi- 
cago, 95  ;  at  Washington,  408. 

Adams,  F.  D.,  new  nepheline  rock, 
Ontario,  Canada,  269. 

Anssiz,  A.,  Coral  reefs  of  the  Mal- 
dives, 248. 

Altitudes  in  Canada,  White,  484. 

Arc  in  metallic  vapors  in  a  vacnum, 

Weintranb,  246.  _  .      t    .^  x-         «r    w  ^ 

Arizona,  Dinosaur  footprints,  Riggs,    Carnegie    Institution,    Washington, 

428.  ^^'^• 

Association,   American,   meeting  at    ^5*™^*;;^'°'  '^-  C,  Geology,  ^0. 


California,  marine  PliotH*ne  and  Pleis- 
tocene of  Sun  Pedrt),  Arnold,  92. 

Canada,  altitudes  in,  Wliite,  484. 

Cape  of  Good  Hope,  Geol.  Commis- 
sion, 1900-1902,  177. 


St.  Louis,  182. 

Astronomical  Observatory  of  Har- 
vard College,  publications,  95,  332 ; 
United  States,  832. 

Australia  geol.  survey,  249. 
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—  Calculations,  Wells,  178. 
Chemistry,  inorganic,  Ostwald,  896. 


Barnett,  S.  J., 
Theory,  90. 

Bams,  C.f  nuclei  pnxluced  by  shak- 
ing different  liquids,  81  ;  micro- 
metric  measurement  of  fog  parti- 
cles, 160;  denucleating  effect  of 
rotation  in  case  of  air  stored  o\er 
water,  892. 

Baskenrille,  C,  effects  on  rare  earth 
oxides  of  radium-barium  com- 
pounds, 79. 

Bauer,  M.,  Mineralogy,  406. 

Bayley,  W.  S.,  Menominee  iron- 
bearing  district  of  Michigan.  400. 

Beecher,  C.  E.,  obituary  notice, 
Schuchert,  411. 

Berget,  A.,  Physique  du  Gh^be  et 
Meteorologie,  409. 

Blondlot's  ?i-rays,  Lummer,  174. 

Borchers,  W.,  Elektro-Metallurgie, 
87. 
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Cyperaceae,  No.  XXI,  Holm,  301. 
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Publications  at  Manila,  482. 
Brazil,  geol.  Bibliography,  Branner, 
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Alkaline  carbonates,  Lebeau,  244. 
Antimony,  yellow.  Stock  and  Gutt- 

munn,  895. 
Basic  lanthanum  acetate  and  iodine, 

blue  color,  Biltz,  395. 
Carbon,  action  upon  lime,  Moissan, 

890. 
Chlorine,     density,     Moissau    and 

Jassoneux,  245. 
Distillation,     production     of    high 

vacua  for,  Erdmann,  8f). 
Ferrous  8ulphat+*,  use  of,  in  estima- 
tion  of    chlorates    and    borates, 

Phelps,  201. 
Formic    aldehyde    in    atmospheric 

air.  Henriet,  ;)25. 
Gold  fluoride,  I^nher,  248. 
—     volumetric     detenniiiaticm     of 

small  amounts,  Maxson,  4(10. 
Halogen  acids,   action  on    vanadic 

acid.  Gooch  and  Curtis,  41. 
Hydrated  salts,    iMtculiar  property 

of,  de  Schulten,  171. 
Hydiat4?s  in  solution,  Jones,  471. 
Hydrogen.    absori>tion     by    palla- 
dium, Schmidt,  397. 
Hydrous  chlorides,  typical,  Gooch 

and  McClenahan,  305. 

*  Thii  Index  contain!  the  general  heads,  Botany,  Chfmiktrv  (inch  chem.  physics).  Geology, 
Minerals,  Obituary,  Rocks,  Zoology,  and  under  each  the  titles  of  Articles  referrine  thereto  are 
mentiODcd. 
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Iron,  Btoiulc  weight,  Baxter.  S33, 
—  and  alaminiDm,  wpnriLtiiiu.  Le- 

rlftre.  3SB. 
UtilerDlar   weigbla.    niieroBeopical 

metlioda  for  detenu iniDg,  Bsrgpr, 

171. 
NetrttmiDin,  Hendel^fT,  343. 
Nitratee,  d«tenitinatiaD  bi  absence 

ot  air.  Pbelps,  X99. 
NUmtfun,  iotemftl  fiictiou  nf,  Bol- 
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Andrews,  BS. 
Ittullnm,  w>pnrntltio  from   barinin, 

HnrckwiUit.  244. 
—  brami<1«.  gOMw  •volrwl  by,  De- 

wnr  nnd  (?u)ie,  WU. 
RnbtillDin-mfToarlo    donbtc    salts,  , 

OriMoniiU),  ^tS. 
SBwliiiToe*.  i-omblned  with  meUUic 

Halt*.  Oantbior,  244. 
Soluble  MnbstsiiF>ra.  method  cil  orys- 

lAllUing,  de  SchtUteo.  87. 
Siilp1i»tc<H,  twu  Bodiam- ferric,  Skrn- 


250. 
Earth's  atmosphere,  chuiifSB  in  tiBii*- 

pftrcnej-,  *84. 
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Plate  1. 


Carapace  op  Adocus  punctatus  Marsh,  x  J. — Drawn  from  type. 

(a)  Bone  Plates.— N,  Nuchal ;  1-6,  9,-l8l^6th,  and  true  9th  Neuralia  ;  P, 
Pygal ;  Pm,  Pygal  Marginal ;  PI,  P3,  P7,  P8,-l8t,  2d,  7th  and  8th  Pleuralia ; 
M1-M5,  Mll,-lst-5th  and  11th  Marginals. 

(b)  Horn  Shields.  —N  and  1,  Ist  Vertebral ;  2  and  8,  2d  Vertebral,  etc.  ; 
CI,  the  Ist  of  the  four  Costals ;  M1-M5,  1-5  Marginalia ;  SC,  supra  caudal. 

(  +  )  Anterior,  point  at  which  the  first  and  second  ribs  unite  with  1st 
Pleural. 

( +)  Posterior,  point  at  which  rib  of  tenth  dorsal  vertebim  uniteB  satoraUy 
with  the  8ih  Pleural,  or  else  point  of  iliao  support. 
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fci.,Vol.  XVK,  1904. 


Plabtbal  view  or  Adocus  pohotaths  Marah,  x  i.— Drawn  from  type. 

PloBtron.  —  (a)  Bnne  PEatea  :  —  ep,  Epipliiatrun  ;  en,  Entapliwtrun  ;  hy, 
Hyoplaatiou ;  hp,  Hypoplastron :  ijt,  Xipbiplaatroii.  (b)  Horn  Shields : — 
ig,  Inteignlar ;  g,  Unlar ;  A,  Hnmeral ;  p,  Fectural ;  v,  Ventriil ;  /,  Femoral ; 
a,  Anal ;  ai,  mi,  ii,  Axillary,  medal  and  in^iaal  iufra-marginals. 

Caiapace. — H8,  !id  Uarginal  BTipportiiig  axillar;  bnttress  o(  Plastron ;  H8, 
8th  Uarginal  sapporting  inffiiiiuil  battreBs  of  Plastron  :  N,  Nachal ;  P,  pjgal ; 
Pm,  Pjjpd  Marginal;  i,  ii,  v-vui,  Ist,  2d,  Sth-Stb  Plenralia;  m,  snpn- 
CMidal  horn  shield. 
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Drawn  from  type. 


U,  Nnchal:  1-B,  lat-Bth  Nenralia  ;  Ps,  Pjgal,  anterior;  Pp,  Pygal,  po«. 
torior;  Pdi,  Pynal  MuigiDiil ;  i-vni.  Ist-Sth  Pleunilia;  nu,  nocbal  Som 
shield  ;  ic,  left  Buprafaudal  horn  shield. — Bony  plates  in  saw-tooth,  and 
liuni  shields  in  triple  line  border. 
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Carapace  of  Osteopygis  Gibbi  WLpIuihI  (typ*|. 
Actual  leDt^b,  T4.3  cm. 


Plabtral  view  or  OsTaoPtota  GuBt  Wieland,  x  J. — Drawn  from  tjpe. 


«n,  Entoplaetron ;  hu,  HjoplaBtron  ;  hp,  Hypoplaetron  ;  xp,  Xtphiplaatron  ; 
/,/,  Plaatral  Furamina  ;  m2,  axillary  bttttrera  and  2d  UarginaJ  ;  nitj,  ingninal 
battress  and  8th  Marginal ;  N,  Nuchal ;  1,  8,  lat  and  9th  NeuraU ;  Pa,  Pypij, 
BliUrior  ;  Pp,  Pygal,  posterior  ;  Pm,  Pygal  Margioal ;  I,  First  Rib  ;  ii,  iv-vm, 
PlenraUa ;  ( + ),  point  of  iliac  anpport  on  8tb  pleural ;  w,  SQpmcaQdal  horn  shield. 
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OsTEOFYOis  GtBHi  Wielsud. 
Plastral  view  of  type. — Entire  length  of  M|iei;inipn,  74.3  ci 
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X.  Snehul ;  1,  2.— 1-t  iiTiil  ai  XinnilH  :  Lin  l-:i.  .=i.  «.— Lft't  Mar^itmls  ;  M2.  ;i,  .VT,— Rijilit 
BrKinalf.;  R.  P.  I.  i.  4.  .l.-KiKlit  PImiwIk;  L.  P  1,  :i.— I*fl  PlMiniln;  [I.  HvoiilaHtion  : 
|).  HviMiplimtniM  :  X.  X.-Xii,hipl«»trH  ;  L  H,  Li-ft  Hnnii-rnH  (ilorwil  vii-w) ;  p',  PiiliU ;  11. 
,iim  ;  Ih.  [Hcliiit.—  Nurhiil,  mill  IhI  ami  2<1  rirtebnil  liiim  kIii'-IiIh.  in  ink  uutliiif. 
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Plate  XIX. 
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